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THE- 

YOUNG  GENTLEMAN  AND  LADY’S 


ASTRONOm. 


I 


DIALOGUE  I. 


ON  THE  MOTION,  FIGURE,  AND  DIMENSIONS  OF 

THE  EARTH. 

Neandcr. 

Good  morrow,  lifter;  this  is  an  early 

vilit. 1 have  thought,  for  thefe  few  days 

lince  I came  home,  that  you  are  anxious 
about  Ibmething  or  other.  Pray  may  I afk 
what  it  is? 

Eudo^^a.  Indeed,  brother,  I am, — but  am^ 
almoft  afraid  to  tell  you  what  it  is. 

B N>  Then 
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N.  Then  you  mufl  think  me  much 
changed  (ince  I went  to  Camb r idge.  You 
know  I always  loved  and  e deemed  you 
on  account  of  the  goodnefs  of  your  heart, 
which  fhone  forth  with  the  greatefl  ludre 
in  the  whole  of  your  deportment. — I am 
ftill  the  fame  as  before,  excepting  the  im- 
provement I have  made  at  that  famous  uni- 
^^erlity  • where,  not  only  the  fublime  fci- 
ences  are  taught  by  the  greateft  maders, 
but  the  truths  'of  the  Chriftian  religion 
]jroved  in  the  lecfures  which  I have  con- 
^ dantly  attended. — You  know  that  you  and 
I ufed  to  converfe  familiarly  before  I went 
thither;  let  us  do  fo  dill. 

E,  Dear  brother,  1 cannot  exprefs  how 
much  you  oblige  me  by  this  behaviour. — 
I was  afraid  before  to  tell  you  my  mind ; 
but  now  I will,  efpecially  as  you  are  to  be 
here  for  fbme  confiderable  time  before  you 
let  out  upon  your  travels.  What  I want 
to  learn  of  you  cannot  be  done,  I believe, 
without  taking  up  a great  deal  of  your 
time ; and  perhaps  you  may  think  me  tod 
vain,  in  wanting  to  know  what  the  bulk 
of  mankind  think  our  fex  have  no  bufinefs 
wHlp 

N.  Pray, 
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X.  Pray,  Eudosia,  what  is  that? 

E,  It  is, nothing  leis  than' to  be  in  fome 
incafure  acquainted  with  the  fublime  fci- 
ence  of  Aflronomy ; for  I have  been  told 
that,  of  all  others,  it  is  the  beft  for  enlarg- 
ing our  minds,  and  filling'  them  with  the 
inoft  noble  ideas  of  the  Great  Creator 
and  his  works;  and  confequently  of  draw- 
ing us  nearer  to  Him,  with  an  humble 
lenfe  of  our  own  meannefs,  and  of  every 
thing  that  the  greatefl:  art  of  man  can  per- 
Ibrm. 

N,  Indeed,  lifter,  whoever  told  you  lb, 
told  you  a great  truth;  and  I am  very  glad 
to' find  you  have  an  inclination  to  learn  the 
moft  fublime  fcience  that  ever  was  taught 
by  mankind.  , , . 

E.  But  fliall  I not  be  laughed  at  for  at- 
tempting to  learn  v^^hat  men  fay  is  fit  only 
for  men  to  know  ? 

Ay  Never,  by  any  man  who  thinks 
right;  and  I hope  you  are  above  minding 
what  thofe  fay  who  think  wrong. 

E.  Now,  let  me  speak  freely. — I have 
been  told  Aftronomers  pretend  that  tlie  fun 
ftands  ftill,  and  that  the  earth  turns  round. 
^Vhat  do  you  fay  to  this? — I know  you 

B 2 honour 
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honour  the  Bible,  and  it  afiTerts  the  con- 
trary. Now,  I lee  fb  many  things  in  that 
Book  which  appear  to  me  to  be  above  all 
the  powers  of  human  compolition,  and 
carry  fuch  evident  marks  of  divinity 'with 
'them,  as  are  fufficient  to  convince  me  that 
they  could  proceed  from  none  but  God  : 
and  therefore,  I had  much  rather  baulk 
all  my  inclinations  to  learning,  than  learn 
any  thing  that  would  prejudice  my  mind- 
againft  the  Bible. 

N,  Dear  (ifter,  I admire  the  goodnefs  of 
your  heart. — You  may  depend  upon  it,  that 
the  fludy  of  aftronomy  will  never  have  the 
leaft  tendency  towards  prejudicing  your 
mind  againft  the  Scriptures. — You  know 
that  we  cannot  take  every  thing  there  in 
the  ilri61  literal  fenfe.  If  we  did,  vve  fhould 
believe  that  Our  Saviour  was  a61ually  a 
vine  at  one  time,  a door  at  another,  and 
at  a third  time  a Jamb.  The  Scriptures 
were  given  us  to  teach  us  what  we  fhould 
believe,  and  hov/  we  fhould  behave,  in 
order  to  attain  and  fecure  to  ourfelves  the 
favour  of  our  Maker  here,  and  our  per- 
petual felicity  hereafter;  which  are  things 
infinitely  more  interelling  to  us  thaii  all 

other 
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other  knowledge  and  wealth  in  the  world. 
— They  fpeak  according  to  the  common 
apprehenlions  of  mankind,  in  thofe  points 
which  are  merely  fpeculative,  and  have  no 
direct  tendency  to  influence  our  morals; 
and,  as  they  never  were  intended  to  in- 
fl:ru61:  us  in  experimental  pliilofophy,  or 
aftronomy,  or  in  any  thing  elfe  that  we 
could  acquire  by  our  own  induftry  without 
them,  nothing  that  regards  thefe  fcienccs 
can  either  be  deduced  or  inferred  from 
theni. — One  might  with  as  good  rcafon 
take  up  a law-book  and  expe6l  to  find  a 
fyflem  of  geography  in  it,  as  take  up  the 
Bible  with  a view  to  find  a fvfiem  of  aftro- 
nomy  therein. 

'E,  What  you  have  faid  is  rational  and 
juft;  and  now,  if  you  pleafe,  I fhould 
be  glad  to  enter  upon  our  intended  fub- 
ject. — If  the  fun  does  not  move,  .pray,  to 
.what  Is  he  fixed?  and  what  hinders  him 
from  falling  down  to  the  earth,  when  he 
is  fo  high  above  it,  efpeclally  at  noon  iji 
fummer? 

N»  High  and  low  are  only  relative  terms ; 
for,  when  the  fun  is  at  his  loweft  depref 
fion  with  refpeft  to  us,  he  is  dire611y  over- 
head 
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head  to  forne  other  part  of  the  earth ; for 
the  earth  is  round  like  a globe,  and  on 
whatever  part  of  its  fur  face  a perfon  (lands 
upright,  he  thinks  himfelf  to  be  on  the 
uppermofHide;  and  wonders  how  any  one 
can  (land  dire6tly  oppolite  to  him,  on  the 
undermod  fide  of  the  earth;  or  rather, 
hov/  he  can  hang  to  it,  with  his  head 
downward,  and  not  fall  off  to  the  lower 
Iky. 

E,  That  is  v/hat  I ha^^e  often  v/ondered 
at,  when  I have  beard  it  affirmed  that  the 
earth  is  habitable  on  all  (ides : or  thatwffiere 
towns  cannot  be  built,  fhips  may  fail.  How 
comes  it  to  pafs,  that  the  weight  of  a fliip 
caufeth  it  not  to  fall  off  from  the  lower 
feas;  or  that  thefe  (hips  and  feas  do  not  fall 
off  to  the  lower  fky  altogether? 

N.  What  we  call  weight  is  caufed  by  ai- 
tra6lion, — The  earth  attra6ls  all  bodies  on 
or  near  its  furface  towards  its  center, 
equally  on  all  (ides,  every  particle  of  mat- 
ter alike;  and  therefore  thofe  bodies  which 
contain  the  greatefl  number  of  particles  of 
matter  acquire  from  this  attraffion  the 
greatcll  and  moil  forcible  pre(fure;  and 
confcquently  have  (what- we  call)  the 

greatefl 
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greateft  weight. — The  earth  may  be  com- 
pared to  a great  round  loadhone  rolled  in 
filings  of  iron,  which  attra^ls  equally  on 

**  I* 

all  fides ; fo  that  they  cannot  fall  off  even 
from  its  nndermoft  fide : nay,  it  will  take 
them  up  from  a table,  if  they  be  within 
the  fphere  of  its  atfraction. — By  and  by 
you  fhall  be  fatisfied  with  refpeft  to  your 
query  about  the  fun, 

£.  So  far  I underftand  you  very  v^rell; 
but  Bill  it  feems  odd  to  me  that  people 
fliould  Band  oppofite  to  us  on  the  earth 
with  their  heads  downward. 

N,  I believe  it  does ; but  you  know, 
that  either  the  fun  muff  go  round  the 
earth  to  give  us  days  and  nights,  or  the 
earth  muft  turn  round  like  a globe  on  its  ^ 
axis  to  do  fo:  and  will  not  either  of  thefe 
motions  anfwer  the  intended  .purppfe? 

E.  Undoubtedly  it*  will. 

N.  Now,  as  I have  no  mind  to  deceive 
you,  and  fhall  in  due  time  prove  every 
thing  that  I advance,  even  to  your  own 
fatisfa61ion;  I do  fay,  that  the  fun  does 
not  move  round  the  earth  every  twenty^ 
four  hours,  but  that  the  earth  turns  round 
in  twenty-four  hours : and  as  the  fun  can 

, only 
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only  enlighten  one  half  of  the  earth  at  * 
any  given  inftant  of  time,  and  the  other 
half  rnuft  then  be  in  the  dark;  this  mo- 
tion of  the  earth  will  caufe  the  different 
places  on  its  furface  to  revolve  through 
the  light  and  the  dark  in  twenty-four 
hours;  in  which  time,  of  courfe,  they 
muft  have  a day  and  a night:  and  at  the 
inflant  when  it  is  mid-day  at  one  place, 

it  muft  be  mid-night  at  the  Oppofite.- 

Do  you  believe  what  I fay  with  refpedt  to 
the  earth’s  turning  round  ? 

E.  I do,  becaufe  I am  fully  fatisfied  that 
you  would  not  willingly  deceive  me; 
and  you  have  promifed  to  prove  that  it 
does. 

N,  Then,  be  pleafed  to  ftand  up  for  a 

minute. It  is  now  feven  o’clock  in  the 

morning,  and  you  think  you  are  (landing 
upright,  on  the  uppermoft  fide  of  the 
earth. — You  will  think  the  fame  if  you 
(land  upright  at  feven  o’clock  in  the  even- 
ing, when  the  earth  has  turned  half  round 
becaufe  you  will  then  perceive  no  differ- 
ence of  pofture : and  yet,  at  that  time, 
you  will  be  very  nearly  in  the  fame  poft- 
tion  as  a perfon  is  juft  now,  who  ftands 

on 
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on  the  fide  of  the  earth  oppofite  to  us : 
which  perfon  being  as  firongly  attradled 
by  the  earth  there,  towards  its  center,  as 
we  are  here,  he  is  in  no  more  danger  of 
falling  off  downward,  than  we  are  at  pre- 
fent  of  falling  upward. 

E,  Pardon  me,  fir;  if  you  had  not  been 
at  the  univerfity,  I fhould  have  thought 
falling  vpxvard  a very  improper  expreflion. 

N.  So  it  is;  and  I do  aifure  you  that  1 
never  heard  fuch  an  expreflion  at  the  uni- 
verhty,  nor  do  I remember  ever  to  have 
ufed  it  before. — But,  to  proceed. 

U[)  and  doivn  are  only  relative  terms. 
Let  us  be  on  what  part  of  the  earth  we 
will,  we  call  it  up  toward  the  Iky  over  our 
heads ; and  down  toward  the  center  of  the 
earth,  to  which  all  terreftrial  bodies  would 
fall,  by  the  power  of  the  earth’s  attrac- 
tion. So  that,  with  regard  to  open  fpace, 
what  is  up  from  any  given  point  of  the 
earth’s  furface,  is  down  from  the  oppofite 
point  thereof.  And  as  the  fky  furrounds 
the  whole  earth,  we  call  it  up  toward  the 
fky  over  our  heads,  be  where  we  will ; 
and  dozen  from  our  place  toward  the  center 
of  the  earth. 
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E.  Then,  to  be  fure,  we  can  perceive 
no  difference,  as  to  your  polition  at  dif- 
ferent times  of  the  day.  You  have  quite 
fatislied  me  in  this:  but,  pray,  how  can 
the  earth  move,  and  we  not  feel  its  mo- 
tion ? ■ • ' 

N»  I heard  you  were  at  Plymouth  laff; 
year;  had  you  not  then  the  curioffty  to 
go  aboard  fbme  of  the  fhips  there,  or  at 
the  Dock? 

E.  My  papa  and ' I went  to  the  Dock, 
with  a fmall  party  of  gentlemen  and 
ladies.  Mr.  Falconer^  wdio  was  then  m after 
of  the  Belleifle,  happened  to  be  on  fnore ; 
and,  obferving  that  we  were  ffrangers,  he 
moft  politely  invited  us  to  fee  his  fhip, 
which  was  then  lying  with  many  others 
in  the  Hamoaze.  We  moft  willingly  ac- 
cepted his  invitation,  and  he  took  us  all 
out  in  his  boat ; fhewed  us  firfl  into  the 

I 

cabin’ of  the  fhip,  and,  as  if  was  in  the 
afternoon,  he  genteelly  treated  the  gentle- 
men with  wine,  and  the  ladies  with  tea  ; 
after  which,  he  fhewed  us  the  whole  iu- 
ftde  of  his  fhip  of  war.  The  way  that 
the  different  apartments  are  laid  out,  eft 
pecially  the  powder-magazine,  and  how 
' " ' it 
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it  is  fecured  from  being  dangerous;  the 
method  of  fteering  the  helm,  and' many 
other  things  which  I cannot  well  remem- 
ber, was  a light  not  only  highly  entertain- 
ing, but  greatly  furpriling;  and  I could 
not  help  wondering  how  it  was  polfible 
for  the  art  of  man  to  contrive  and  build 
fuch  a wondrous  huge  machine,  and  how 
it  could  be  managed  and  conduced  through 
the  pathlefs  feas. 

N,  It  is  furpriling  indeed ! but  how  in- 
finitely more  fo  is  the  power  and  Ikill  of 
the  Great  CRLATOr  of the  univerfe,  who 
has  made  fuch  prodigious  bodies  as  the 
planets  of  bur  fyftem  are  (one  of  which 
is  a thoufand  times  as  big  as  our  earth) 
and  has  fet  them  off  in  the  tracklefs  fpace 
around  us,  with  fuch  degrees  pffwiftnefs 
as  you  will  be  amazed  to  hear  of;  and 
yet,  at  the  end  of  each  circuit  they  begin 
the  fame  over  again,  at  the  fame  parts 
of  fpace  from  which  he  fet  them  off  at 

^And  the  difpohtion  of  all  the 

apartments  of  the  fhip  will  not  bear  to 
be  compared,  not  only  with  the  firudture 
of  the  human  body,  but  even  with  that 

C 2 ) of 
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of  the  meaneft  animal  on  earth. — Was  the 
day  calm  or  windy? 

E.  Scarce  a breath  of  wind  was  ftirring  j 
the  fun  {hone  clear,  which  made  the  fur- 
face  of  the  water  around  us  have  a very 
pleaiing  afpedt : and  the  fight  of  the  fhips 
about  us,  and  of  the  town,  was  a moil 
beautiful  profpedl 

iV.  I fuppofe  you  looked  out  through 
the  cabin  windows  whilft  you  were  at  tea. 
— rDid  you  lee  the  fame  objefts  all  the 
while  ? 

E,  I looked  out  very  often : the  firfi: 
objedl  I law  was  a large  houle  in  the 
Dock-town:  but  it  feemeth  to  me  as  if  it 
moved  very  fiowly  toward  the' right-hand. 
I loon  loll  fight  of  it,  and  other  objedls 
appeared  to  my  view,  and  difappeared 
fiowly  and  gradually;  which  could  arile 
from  no  other  caufe  than  the  very  flow 
and  gentle  turning  of  the  Ihip  the  contrary 
way. 

N.  True : but  did  you  feel  the  motion  of 
the  fhip? 

E,  Not  in  the  leaft ; and  the  whole  com- 
pany agreed,  that,  if  we  had  not  looked 

out, 
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out,  we  fhould  not  have  thought  that 
the  fhip  had  any  motion  at  that  time. 

N.  And  is  not  that  single  case  fufficient  to 
convince  you  that  the  earth  may  turn 
round,  and  carry  us  all  about  with  it,  and 
we  feel  nothing  of  its  motion  ? — efpecially 
as  the  motion  of  the  earth  is  much  more 
regular  and  uniform  than  the  motion  of  a 
fhip,  or  any  other  machine  that  human  art 
can  contrive. 

E,  I confefs  it  is. — But  if  the  earth 
turns  round,  how  comes  it  to  pafs  that  a 
Bone  thrown  dire6tly  upward  falls  down 
again  upon  the  very  fame  place  of  the 

earth  from  which  it  was  thrown  up  ? 

Bor,  confidering  how  large  a globe  the 
'earth  is,  the  parts  of  its  furface  muft 
move  very  faft  to  turn  round  once  every 
twenty-four  hours.  -And  if  it  turns  at  all, 
its  motion  muft'  be  eaftward ; becaufe  the 
fun,  moon  and  Bars  appear  to  move  from 
Eaft:  to  Weft.  Now,  I fhould  imagine, 
that  a ftone  or  ball,  thrown  dire611y  up- 
ward from  any  place,  would  fall  as  far 
to  the  w.eftward  of  that  place,  as  the  place 
itfelf  has  got  to  the  eaftward,  whilft  the 

ftone 
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ftone  was  difengaged  from  the  earth,  and 
rifing  and  falling  in  the  lame  line. 

N.  Your  . obfervation  is  very  feniible. — 
But  you  ought  to  conlider,  that  any  body 
which  is  put  into  motion  will  perfevere 
in  that  motion  till  fome  thing  or  other 
turns  it  afide,  or  Hops  its  courfe.  The 
Hone  partook  of  the  earth’s  motion  before 
it  was  difengaged  therefrom : the  perfbn 
who  took  it  up  had  the  fame  motion,  by 
which  means  it  was  Hill  communicated  to 
the  Hoiici  and  therefore  its  motion  was 
as  quick  eailward  while  it  was  rising  and 
falling  in  the  open  air,  as  the  earth’s  mo- 
tion is  : fo  that  it  could  not  mifs  falling 
down  again  upon  the  fame  part  of  the 
earth  : And,  although  it  would  have  ap- 
peared to  a fpe^iator  to  afcend  and  defcend 
in  the  fame  perpendicular  line,  yet  its  real 
motion  was  in  a curve,  and  would  mani- 
feflly  have  appeared  fo  to  an  obferver  at 
red  in  the  open  air,  on  whom  the  earth’s 
motion  had  no  effect. 

If  a large  boat  v/as  failing  along,  near 
the  fhore,  two  perfons  oppofite  to  one  an- 
other in  the  boat  might  tofs  a ball  to  each 
other,  over  and  over  acrofs  the  boat,  to 

catch 
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catch  for  their  cliverlion;  and  they  would 
imagine  it  to  be  only  going  to  and  fro, 
from  one  perfon  to  the  oppofite,  always  in 
the  fame  line;  whereas  Tis  certain,  that  the 
pros;rcirive  motion  of  the  ball,  going  from 
one  tide  to  the  other,  would  be  equal  to 
the  progreffive  motion  of  the  boat ; for,  if 
it  was  not,  the  oppofite  perfon  (who  had  a 
progreffive  motion}  could  not  catch  it.  And 
although  it  would  appear  to  all  the  people 
in  the  boat  to  move  forward  and  backward 
in  the  fame  line,  yet,  to  an  obferver  on 
the  fhore,  who  is  no  way  affedled  by  the 
motion  of  the  boat,  the  ball  would  be  feen 
to  have  a zigzag  motion,  never  returning 
to  either  perfon  in  the' fame  line  in  which 
he  toiled  it  toward  the  other. 

E.  You  have  'fully  convinced  me  that 
there  is  nothing  conclufive  in  my  argit- 

ment  againft  the  earth's  motion. And, 

in  confirmation  of  what  you  faid  about 
a body's  being  put  in  motion,  that  it  will 
naturally  perfev'ere  therein,  till  fbme  caiife 
or  other  turns  it  afide  or  flops  its  courft\ 
T had  once  the  experience  tliereof,  and 
very  painful  it  was.  For,  eroding  our 
river  in  the  boat,  T flood  up  when  it  was 

about 
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about  half  way  over^  and  as  its  motion 
was  uniform  by  the  men  pulling  the  rope, 

I was  quite  inleniible  both  of  its  motion 
and  my  own.  But  when  it  flopt  fuddenly 
againfi:  the  bank  of  the  river,  I fell  for- 
ward on  my'  face,  and  was  much  hurt  by 
the  fall.  Whereas,  if  I had  not,  without 
knowing  any  thing  of  the  matter,  natu- 
rally perfe\^ered  in  the  motion  given  me  by 
the  boat,  I could  not  have  fallen  when  it 
was  ftopt. 

N.  Indeed,  Eudosia,  you  have  given  a 
true  philofophical  account  of  the  caufe  of 
your  falling:  and  now,  I think  we  may, 
for  the  prefent,  have  .done  talking  of  this 
matter^ 

E,  I think  fd  too;  for^  fpeaking  of  the 
fall  makes  me  almofl  imagine  I Bill  feel 
it. — But,  pray,  how  do  you  prove  that  the 
earth  is  round  like  a globe  ? 

iV.  I will  prove  that  immediately*  The 
fun  fhines  in  through  the  window — 

E.  What  then? 

N.  Have  patience  a minute,  and  look 
at  this  fmall  globe  in  my  hand,  and  the 

flat  circular  plate  that  lies  on  the  table. 

You  fee  the  globe  may  be  hung  by  the 

thread 
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thread  which  is  faftened  to  it.  I now 
.twifl:  the  tlircad,  and  hang  - the  globe  by 
it  in  the  beams  of  the  fun ; and  the  globe 
calls  a fliadow  on  that  upright  board  be- 
hind it.  You  fee  that  the  globe  turns  by 
the  untwiding  of  the  thread ; but  let  it 
' turn  how  it  v/ill,  it  always  calls  as  round  a 
fhadow  on  the  board  as  if  it  did  not  turn 
at  all. — I now  fix  a thread  to  the  edge  of 
the  flat  circular  plate,  and  hang  the  plate 
by  the  thread  a little  twifled.  You  fee, 
that  when  the  brdad-fide  of  the  plate  faces 
the  fun,  it  calls  a round  fhadow  on  the 
board,  as-the  globe  did:  but  as  it  turns 
obliquely  toward  the  fun,  by  the  untwifl- 
ing  of  the  thread,  its  fhadow  is  of  an  oval 
figure  on  the  board ; and,  when  its  edge 
is  turned  toward  the  fun,  its  fhadow  oh 
the  board  is  only  a narrow  ftraight  line. 

E,  All  this  is  plain;  but  I cannot  ima- 
gine what  you  are  to  infer  from  it. 

N.  The  earth  always  calls  a fliLadow  to- 
ward that  part  of  the  heaven  which  is  op- 
poflte  to  the  fan;  and  the  moon  appears' 
as  flat  to  us  as  the  board  on  which  the 
•fhadovv  of  the  fmall  globe  was  proje6led. 
When  the  earth’s  fhadow  falls  upon  the 

r 
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moon,  we  fay,  the  moon  is  eclipsed.  Thefe 
eclipfes  happen  at  alhdifferent  times  of  the 
twenty-four  hours;  and,  confequently, 
when  all  the  different  (ides  of  the  earth 
are  fucceflively  turned  toward  the  Sun. 
But  the  earth’s  fhadov/  on  the  moon  is 
always  bounded  by  a circular  line;  and 
therefore,  it  is  plain,  that  the^earth  muff 
be  of  a globular  fhape. — For,  if  it  were 
fhaped  like  this  flat  circular  plate,  its  ffia- 
dow  on  the  moon  could  never  be  circular, 
but  when  its  broad-ffde  was  turned  diredt- 
ly  toward  the  fun.  At  other  times,  the 
fhadow  would  be  either  of  an  oval  figure, 
or  only  a ffraight  line,  as  you  have  feen 
on  the  board.  There  are  fcveral  other 
ways  of  proving  that  the  earth  is  round; 
but  I believe  you  are  fatisfied  tfiat  it  is  Ib,- 
from  what  I have  nowfliewn  you. 

E.  I am  entirely  fatisfied,  and  therefore 
more  proofs  would  be  fuperfluous.  But 
I fhoulcl  now  be  glad  to  know  how  you 
prove  that  the  earth  turns  round  ; and  that 
the  fun  does  not  go  round  the  earth. 

iV.  Before  I proceed  to  the  demonftra- 
tion,  I will  alk  you  a very  plain  queftion, 
which  I hope  you.  will  not  take  amils, 

' as 
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as  I have  not  the  leaft  defign  to  affront 

you.  ' , » 

E,  Indeed  I do  not  believe  you  have; 
and  therefore  1 beg  you  will  allc  it. 

N,  Suppofe  you  put  a fmall  bird  on  a 
fpit,  and  put  it  to  the  fire;  whether  is  it 
the  bed:  way  to  turn  the  fpit  round  with 
the  bird,  or  to  let  the  fpit  Hand  flill,  and 
move  the  fire  round  about  it? 

Your  queftion  ahnoft  furprifesme; — 
for,  not  to  fpeak  of  the  wifdoni  of  man, 
fure  no  zvornan  of  common  ” fenfe  could  be 
fo  abfurd,  as  to  fet  about  contriving  how 
to  make  the  large  fire  and  grate  be  car- 
ried round  the  fpit.  ' 

N,  True,  Eudosia. Now  I can  affure 

you,  that  the  fun  is  at  lead:  a million  of 
times  as  big  as  the  earth;  and  is  therefore 
more  unfit  to  be  moved  round  the  earth, 
than  a great  fire,  and  the  grate  that  holds 
it,  is  to  be  moved  round?  a fmall  bird  on 
a fpit. — And  as  no  man  in  his  fenfes  would 
go  to  work  on  fuch  an  abfurd  attempt, 
would  it  not  be  horrid  blafphemy  to  fup- 
pofe,  that  the  DEITY,  who  is  the  very 
effence  of  wifdom  and  perfe61ion,  would 
do  fo  ? 


E.  Heaven 
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E.  Heaven  forbid  - the  thought!  the  bare 
mentioning  fuch  a thing  is  enough  to 

chill  one’s  blood. Were  I fure,  that 

the  fun  could  be  proved  to  be  a million 
of  times  as  big  as  the  earth,  I fliould  alk 
no  farther  demonftration  of  the  flability 

i ** 

of  the  fun  and  the  motion  of  the  earth; 
becaufe  I fliould  naturally  conclude,  that 
the  fun  is  a million  of  times  more  unfit 
to  move  than  the  earth  is.  And,  as  the 
rnotl  fuperlative  degree  of  wifdom  and 
reafon  is  in  the  Deity,  ’tis  impoffible  for 
me  to  imagine  he  could  do  any  thing  that 
is  irrational. ~My  belief  is,  that  he  al- 

ways makes  ufe  of  the  feweft,  moft  fimple, 
and  moll  rational  means,  to  produce  the 
greatefl,  moll  noble,  and  mofl:  aflonifhing 
effects;  fuch  as  his  infinite  goodnefs  and 
beneficence  to  his  creatures  has  rendered 
conducive  to  their  Welfare,  in  numberlefs 
infiances. 

i'/.  He  certainly  does. — And  now  I will 
prove  to  you,  that  the  earth  turns  round 
eveVy  twenty -four  hours;  not  upon  any 
material  axi^,  but  on  an  imaginary  firaight 
line  w^ithin  itfelf,  paffing  through  its  cen- 
ter, and  terminating  in  its  North  and  South 

points, 
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points,  v/hich  are  called  its  North  and 
South  poles;  as  an  orange  would  turn 
round  in  the  open  air,  if  you  fiiTt  fet  it 
a-whirling  and  tlien  throw  it  off  your 
hand  in  the  air. 

Water  naturally  runs  downward,  all 
around  the  earth,  from  thofe  parts  which 
are  liigheff,  or  fartheff  from  the  center, 
toward  thofe  which  are  lowed,  or  neareft 
to  it : and  tins  is  caufed  by  the  power  of 
the  earth’s  central  attradlion,  which  draws 
the  water  and  all  other  bodies  that  way. 
Now,  if  the  earth  was  perfeftly  round, 
and  fmooth  like  a poliflied  globe,  all  the 
paits  of  its  furface  would  be  equidiftant 
from  its  center;  and  water  could  never 
run  upon  it.  About  three-fourth  parts  of 
the  earth’s  furface  is  covered  with  the  feas, 
which  join  or  communicate  with  each 
other ; and  if  the  earth  had  no  motion 
round  its  axis  or  center,  the  attra6live 
force  (^which  is  equal  all  around  at  equal 
diilances  from  the  center)  would  caufe 
the  furface  of  the  feas  to  be  of  a perfectly 
round  and  globular  form. 

E.  Undoubtedly  it  would  : for  then,  as 
every  particle  of  the  water’s  furface  would  . 

be 
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be  drawn  with  equal  force  toward  the 
earth’s  center,  and  thele  particles  do  touch 
each  other;  none  of  them  could  get  near- 
er the  center  than  their  neighbouring 
'ones. 

Ah  Right. — And  now,  funpoGng  the 
earth  to  be  at  reft,  and  tlie  furface  of  the 
oceans  and  feas  to  be  perfectly  globular ; 
what  do  you  think  the  confequence  would 
be,  if  the  earth  fhould  begin,  and  continue 
to  turn  round  on  a line  within  itfelf,  as  if 
it  turned  on  a real  axis  ? 

E Let  me  think  a little. — I have  ob- 
ferved,  that,  when  our  maid  took  her  mop 
out  of  a pail  of  water,  the  head  oT  the 
mop  was  round : but  when  fhe  began  to 
trundle  it  on  her  arm,  it  immediately 
became  flattened  at  the  parts  of  the  ftick 
which  were  even  with  its  surface ; and 
it  fwelled  out  in  the  middle. — Pray,  bro- 
ther, if  I may  be  allowed  to  make  a very 
odd  Ibrt  of  a comparifon,  may  not  an 
imaginary  line  in  the  heart  of  that  part 
.of  the  ftick  which  is  within  the  mop  be 
called  the  axis  round  which  the  mop 
turns;  as  you  have  told  me  that  fuch  a 
line  within  the  earth,  from  its  North  to 

its 
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its  South  pules,  is  called  the  axis  of  the 
earth  ? --If  ib,  feeing  that  the  waters  on  the 
caith  are  of  as  yielding  a nature  as  the' 
cotton  of  the  mop;  I apprehend,  that,  if 
the  earth  turned  round  its  axis,  tlie  furface 
of  the  feas  about  the  poles  would  become 
fiat,  and  the  furface  of  the  fcas  which  are 
fartheft  front  the  poles  would- ilvell  out, 
all  round:  and  fo,  the  figure  of  the  earth 
would  be  like'  that  of  a whirling  mop. 

N-  No  philofopher  could  have  made  a 
more  apt  cornparifon,  nor  have  drawn  a 

I 

better  conclulion  from  it.  When  I told 
you  before,  that  the  earth  is  round,  I did 
not  mean  that  it  is  ftridly' fo;  although 
at  the  difiance  of  the  m'oon  it  tvould  ap- 
pear to  be  round,  as  its  fhadow  On  the  ' 
moon  does  to  us,  I do  not  here  confider 
the  hills  as  any  thing,  becaufe  they  are  fo 
little  in  cornparifon  to  the  whole  bulk  of 
the  earth,  that  they  take  off  no  more  from 
its  roundnefs  in  general,  than  grains  of 
dufi  do  from  the  roundnefs  of  that  fmall 
three  inch  globe  wliich  you  fee  on  the 
table.  It  is  quite  round,  and  covered  all 
over  with  paper,  on  which  there  is  a map 
^f  the  land  and  water  on  the  earth’s  fur- 
face. 
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face.  The  middle  line  (fee  Fig.  i.  oF 
PLATE  I.)  or  circle,  that  is  drawn  round 
it,  is  called  tlie  Equator^  which  divides  the 
globe  into  two  equal  parts,  called  tEe 
Northern  and  Southern  Hemispheres^  or  half 
globes.  The  North  and  South  Poles  are  the 
middle  points  of  the  North  add  South  hemi- 
fpheres,  each  pole  l)eing  a quarter  of  a cir- 
cle diftant  from  each  point  of  the  equa- 
tor, all  around  r and  a ftraight  line,  drawn 
through  the  center  from  pole  to  pole,  is, 
called  the  axis  of  the  globe. 

If  the  thin  papers  were  feraped  off  from 
the  poles,  and  almoft  half  way  round 
them  toward  the  equator,  the  globe  would 
be  a little  flattened  at  the  poles,  and  com- 
paratively fo  much  fwelled  out  about  the 
equator;  but  if  it  were  then  viewed  from 
the  diftance  of  fix  or  feven  feet,  it  would 
ftill  appear  to  be  round. 

EA  believe  it  would;  but  wliat  of  all 
this? 

N From  a61ual  meafurement  and  ob- 
fervation,  the  earth  is  proved  to  be  a little 
flattened  at  the  poles,  and  fwelled  out 
about  the  equator;  the  equatorial  diame- 
ter of  the  earth  being  thirty-five  miles 

longer 
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longer  than  the  axis  or  polar  diameter. 
This  you  may  think  a great  deal,  but  it 
is  very  little  when  compared  with  the  bulk 
of  the  earth,  as  you  will  ealily  judge  when 
I tell  you,  that  no  lefs  than  25,000  Englifh 
miles  would  meafure  it  round:  and  the 
higheft  mountains  that  are  known  are 
not  three  miles  of  perpendicular  height. — ■ 
Now,  as  water  naturally  runs  downward, 
if  the  earth  had  no  motion  on  its  axis  to 
keep  up  its  figure,  the  water  . of  the  feas 
would  run  from  the  higher  parts  about 
the  equator  to  the  lower  parts  about  the 
poles,  and  overflow  the  polar  regions  for 
many  hundred  miles  all  around;  and  even 
Britain  itfelf  would  be  laid  feveral  miles 
under  water. 

E.  'fhis  is  a very  plain  cafe : and  the 
not  returning  of  the  waters  from  the  feas 
about  the  equator  is  to  me  an  evident 
proof  of  the  earth's  turning  round  its 
axis;  without  which,  the  furface  of  the 
waters  would  become  of  a general  round - 
nefs,  as  I faw  the  'head  of  the  mop  do 
when  the  maid  left  off 'trundling  it.— *-And 
now  it  feems  plain,  that  the  Almighty 
muft  have  made  the  rigid  earth  as  much 

E higher 


26"’  THE  YOUNG  GENTLEMAN  AND  v 

higher  about  the  equator  tlian  the  land 
is  about  thofe  places  near  the  poles,  as 
the  earth's  quick  motion  about  the  equa- 
torial parts  would  caufe  the  waters  to  rife 
there.  For  I fee  by  the  globe,  that  there 
are  great  • quantities  of  land  about  the 
equator,  and  many  fmall  iflands  in  the 
feas,  which  are  not  overflown. 

N.  The  more  you  know  of  thefe  mat- 
ters, Eudosia^  Hill  the  greater  reafon  you 
will  have  to  admire  the  power  and  adore 
the  wifdom  and  goodnefs  of  the  Deity. 

jE.  Indeed,  brother,  I believe  I fhall. — 
And  I already  begin  to  think,  that,  if  an 
atheift  would  be  perfuaded  to  learn  Aftro- 
nomy,  it  would  foon  cure  him  of  his  in- 
fidelity. 

N.  So  I have  often  thought,  fince  I knew 
any  thing  of  the  matter. 

E.  I think  you  told  me,  that  almofl: 
three  fourth  parts  of  the  furface  of  the 
earth  is  covered  with  feas;  and,  by  look- 
ing  on  that  fmall  globe,  I imagine  it  piay 
be  fb.  But  you  have  not  yet  told  me, 
how  it  is  known,  that  the  earth’s  circum- 
ference is  25,000  Englifh  miles;  and  per- 
haps 
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haps  I fhould  not  be  able  tb  underhand 
it  if  you  did. 

N.  The  bulk  of  tl:^e  earth  is  afcertained 
by  (what  is  called)  Geometry,  and  could 
not  have  been  known  by  any  other  kind 
of  learning  : and  as  you  do  not  yet  un- 
derftand  any  part  of  that  fciehce,  I flrould 
only  confound  your  head  by  talking  to 
you  on  that  fubjeil  at  prefent. 

E.  Your  faying,  at  present, gives  me 
fome  hopes,  that  you  will  endeavour  to 
inflruft  me  in  that  branch  of  Icience  af- 
ter  ward. — But  caii  you  tell  me  juft  now, 
how  many  miles  of  the  earth*  is  land, 
^and  how  many  are  covered  with  the 
feas  ? 

N,  The  fur  face  of  the  earthy  part  of 
our  great  globe  is  divided  into  four  great 
trabls  orfpaces,  called,  Europe^  Asia^  Afiica^ 
and  America^  as  you  fee  them  laid  out 
on  the  fmall  three  inch  globe. 

According  to  rneafurement  of  the  heft 
maps,  the  feas  and  unknown  parts  of 
land  contain  160^522,026  fquare  miles; 
the  inhabited  parts  38,990,569 ; viz.  Europe 
4,456,065  ; Asia  10,768,823  ; Africa 
93654,807  ; America  14,110,874.  In  all, 

E 2 199,512,595  ; 
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199,512,595;  which  is  the  numher  of 
fqiiare  miles  on  the  whole  fur  face  of  our 
globe. 

E.  I admire  the  prodigious  bulk  of  the 
earth;  but  infinitely  more  fb,  the  power 
that  muft  have  fet  it  in  motion  at  firft. 

iY.  Nothing  is  great  or  fmall  but  in 
comparifon.  We  are  very  big  when  com- 
. pared  with  animals  which  can  be  leen 
only  by  the  hlep  of  a microfcope : the 
earth  is  big  indeed  when  compared  with 
ourfelves,  who  live  upon  it:  the  planet 
Jupiter  is  a thoufand  times  as  big  as  our 
earth  ; and  the  Sun  is  more  than  a thousand 
times  as  big  as  Jupiter. — If  you  fo  juft}y 
admire  the  power  that  put  our  fmall 
planet  the  earth  into  motion,  how  much 
more  mufi;  you  admire  the  power  which 
put  the  whole  planetary  fydem  round  us 
in  motion ! 

E.  I fink  into  nothing  in  my  own 
mind,  Alas,  what  have  we  to  be  proud 
of?  If  I had  been  proud  before,  Afironomy 
would  have  cured  me  cfFedually  of 
it. 


N,  Indeed  it  might  cure  any  one  of 
pride:  and  I believe  no  aftronomer  can 


LADY’S  ASTRONOMY, 


29 


be  either  . proud  or  impious — But  hark! 
— the  bell  rings  for  breakfaft ; I thcjH^Iiw 
to  have  fatisfied  your  query  about  the 
fun,  but  muft  leave  it  till  the  next  oppor- 
tunity. Be  fur e then  to  put  me  in  mind 
of  it,  and  afterwards  to  talk  about  the 
Iblar  lyftem. 

E.  1 believe  I fhall  have  no  occaBon  to 
remind  you 
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JVeander. 

Well  5 (ifter ; what  became  of  you  ycf- 
terday  after  breakfaft?  I went  to  my  room 
immediately  after,  thinking  you  would  fol- 
low me,  that  we  might  have  a little  con- 
verfation.  But,  inftead  of  that,  you  have 
left  me  quite  alone;  for  I never* fa w you 
the  whole  day  afterward  except  at  dinner 
and  fupper. 

Eudosia,  Indeed,  brother,  I was  fo  much 
plealed  with  what  you  told  me  yefterday 
morning,  that  I was  willing  to  make  the 
moft  and  beft  of  it  that  I could ; and  there- 
fore employed  the  reft  of  my  time  in 
writing  down  every  thing  that  I could 
remember. 

I 
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iV.  I am  very  glad  of  it:  and  now  I 
find  you  intend  to  emulate  a young  lady 
of  quality;  who,  laft  year,  attended  a 
courfe  of  le61:ures  on  experimental  philo- 
fbphy  at  Tunbridge  Wells;  and  always, 
when  fhe  went  home,  wrote  down  what 
fhc  had  heard  and  Teen.  The  perfon  who 
read  the  le6tures  informed  me,  that  he 
was  (though  with  fome  difficulty)  favour- 
ed with  a fight  of  the  young  Lady^'s  ma- 
' nufcript : and  alfured  me,  that  fhe  had 
therein  given  a very  good  account  of  the 
machinery  and  experiments.  I hope  you 
will  not  refufe  to  fhow  me  your’s  every 
day,  as  you  proceed. 

E.  You  fhall  always  fee  it,  were  it  on- 
ly for  this  felfiffi  reafbn,  that  you  may 
corre6l  and  amend  what  is  wrong  in  it, 
and  then  T fhall  reap  the  advantage.  I 
will  now  repeat  my  yefterday’s  query : 
To  what  is  the  fun  fixed  ? for  vou  have 
convinced  me  that  he  does  not  move 
round  the  earth. 

The  fun  is  not  fixed  to  any  thing  at 
all;  nor  is  it  any  way  requifite  he  fhould. 

I told  you  that  the  falling  of  bodies  to 

the^ 
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* the  earth  is  folely  caufed  by  the  earth’s 
attraclion. 

E.  I remember  it  very  well;  and  it 
feems  plain  to  me,  that  their  falling  to- 
ward the  earth’s  center,  on  all  tides  of  it, 
is  a demoaflrative  proof  of  the -earth’s  at^ 
traction.  for  what  elfe  could  polfibly 
determine  bodies  to  fall,  on  oppofite  iides 
of  the  earth,  in  directions  ’ quite  contrary 
to  one  another  ? ' 

N.  Right,  Eudosia^  you  are  a philofbpher 
already:  and  I iliall  have  very  great  plea- 
fure  in  teaching  you,  at  leaft,  the  rudi- 
ments of  Aftronomy. 

The  tendency  of  bodies  to  fall  is  call- 
ed their  Gravilatim-i  and  the  power  which 
gives  them  tliat  tendency  is  called  At- 
traction^  Now,  fuppoling  the  fun  (PLATE  I. 
Fjg-  to  be  the  only  body  that  exiits  in 
univerfal  fpace,  and  that  he  is  put  into 
any  part  of  open  fpace,  pray,  to  what 
other  part  of  fpace  do  you  think  he 
would  fall?  ■ > 

E.  I think  he  could  not  fall  to  any 
other  part  of  fpace  at  all ; becaufe  there 
would  be  no  other  body  to  attra6t  him  : 
and  therefore,  I imagine,  that  he  would 

always 
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always  remain  where  he  was  placed,  sdj~ 
balanced  on  his  center  \ as  my  favourite  poet 
Milton  elegantly  expreffes  it,  concerning 
the  earth. 

N.  Your  obfervirtion  is  ftri6Uy  juQ. 
And  now>  to  lead  you  furtlier  on,  1 tell 
you,  that  the  fun’s  attra61ion  reaches 
many  millions  of  miles  all  around  him; 
and  that  all  bodies  attra61  each  other  ac- 
cording to  their  refpeclive  qiuantities  of 
matter;  that  is,  according  to  the  number 
of  particles  of  matter  they  are  composed 
of.  I have  already  told  you  that  the  fun 
is  a million  of  times  as  big  as  the  earth  ; 
^nd  us  the  fun  and  earth  are  within  the 
reach  of  each  other’s  attraction,  whether  . 
do  you  think,  that  the  fun  flrould  fall,  to 
the  earth>  or  the  earth  to  the  fun? 

E»  , I think,  that  if  the  fun  contains  as 
much  more  matter  than  the  earth  docs, 
as  he  is  bigger  than  the  earth,  it  is  a 
million  times  more  reafbnable,  that  the 
earth  fhould  fall  to  tlie  fun,  than  that  the 
fun  fhould  fall  to  the  earth. 

N,  Right  again,  lifter;  but  now  I muft: 
inform  you,  that  the  fun  is  not  so  com- 
paft  or  denfe  a body  as  the  earth  is  ; and 

F therefore 
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therefore  he  doth  not  contain  as  much 
more  matter  than  the  earth  does,  as  he  is 
bigger  than  the  earth.  But  his  quanti- 
ty of  matter  is  more  than  200,000  times 
as  great  as  the  eartlfs  : and,  confequently, 
he  attra6\s  the  earth  more  than  200,000 
times  as  ftrongly  as  the  earth  attra6is 
him. 

/ 

E.  Then  I fhould  think,  that  the  fun 
and  earth  would  naturally  fall  toward 
each  other,  and  come  together  at  laft  : 
only,  that  the  earth  would  fall  200,000 
times  as  fafl:  towards  the  fun,  as  the  fun 
would  towards  the  earth. 

N>  And  lo  they  would,  if  there  were 
nothing  - to  hinder  them. 

jL.  And  what  is  it  that  hinders  them? 

' ■ N,  I will  begin  to  anfwer  your  queftion 
by  alking  you  one. — Did  you  ever  put  a 
pebble  into  a fling,  and  whirT  it  round 
your  head  ? 

E.  Yes,  Sir,  when  I was  a child. 

N.  And  did  you  feel  no  tendency  in 
tlie  pebble  to  fly  off  from  the  fling  ? 

E.  O,  yes  ! and  the  moment  I let  the 
Bring  flip  from  my  hand,  away  the  peb- 
ble flew, — I like  wife  remember,  tf  at  the 

faffer 
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fafter  I whirled  the  fling,  the  greater  was 
the  tendency  of  the  pebble  to  fly  off;  and 
that  I was  obliged  to  pull  the  firing  fo 
much  the  Ifronger  to  keep  the  pebble 
from  doing  fo. 

iV.  That  obfervation  will  be  of  more 
fervice  to  you  by  and  by,  than  you  at 
prefent  think  of ; but  it  would  be  too 
foon  to  tell  you  juft  now  how  it  will, 

E.  I will  wait  till  you  find  it  proper  to 
tell  me.  But  I am  almoft  impatient  to 
know  what  you  are  to  infer  from  the 
pebble  and  fling. 

iV.  All  bodies  that  move  in  circles  have 

a conftant  tendency  to  fly  off  from  thcfe 

circles;  v/hich  tendency  is  called  their 

\ 

caitrifvgaL  force.  And,  in  order  to  keep  ^ 
them  from  flying  off,  there  muft  be  an 
(lilractlve  fo?ce  at  the  centers  of  thele  cir. 
cles,  equal  to  the  centrifugal  force  of  the 
moving  bodies.  The  earth  goes  round 
the  fun  once  a year,  in  an  orbit  or  path 
which  is  nearly  circular;  and  it  would  as" 

t * 

naturally  fly  off  from  its  orbit,  if  the  fun 
did  not  attract  it,  as  the  pebble  flew  out 
of  the  orbit  that  it  defcrifled  round  your 

F 2 head, 
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head,  when  you  quitted  your  hold  of  the. 
firing. 

E,  This  is  new  doctrine  to  me  ,*  for 
you  never  told  me  before,  that  the  earth 
goes  round  the  fun.  The  earth  then  has 
two  motions,  one  round  its  axis  in  twenty- 
four  hours,  and  one  round  the  fun  in  a 
year. — Can  you  prove  as  dearly  that  the 
earth  goes  round  the  fun,  as  you  have 
proved  that  it  turns  round  its  axis  ? 

iV.  I will  prove  k negatively  jufli  now,, 
and  pofitively  afterv/ard.  If  the  earth 
had  no  motion  round  the  fun,  it  eould 
have  no  centrifugal  force,  to  hinder  it 
from  falling  to  the  fun^  by  its  own  weight 
or  gravitation,  which  is  conftituted  by  the 
power  of  the  fun’s  attradion. 

E.  I fee  that  the  earth’s  motion  round 
the  fan  is  indifpenfably  necelfary,  and  am 
therefore  fatisfied  that  it  does  exift.  But 
1 think  the  fun  would  require  fome  mo. 
tion  too,  in  order  to  give  him  a centrifu- 
gal force ; without  which,  it  seems  to  me, 
that,  big  as  he  is,  the  earth’s  attradion 
would  pull  him  out  of  his  place.  For,  i 
remember,  that'  the  pebble  and  fling 

pulled 
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pulled -my  hand  fo  ftrongly,  although  the 
pebble  was  small,  that  I could  not  pofii- 
bly  keep  my  hand  fteady  whilft  the  peb- 
ble was  in  motion. 

N.  Well  done,  lifter. — The  fun  really 
moves  in  an  orbit  as  well  as  the  earth  : 
and  the  fun's  orbit  is  as  much  lefs  than 
the . earth’s,  as  his  quantity  of  matter  is 
greater  than  the  earth’s.  And,  as  both 
thele  bodies  go  round  their  orbits  in  the 
fame  period  of  time,  the  fun  moves  as 
much  ftower  than  the  earth  does,  as  his 
quantity  of  matter  is  greater  than  the 
earth’s.  So,  what  is  wanting  in  the  ve- 
locity or  fvviftnefs  of  the  fan’s  motion, 
made  up  by  his  quantity  of  matter ; and 
what  is  wanting  in  the  earth’s  quantity  of 
matter,  is  made  up  by  the  fwiftnefs  of 
its  motion  in  its  orbit  : on  which  account 
their  centrifugal  forces  are  equal  to  each 
other’s  attra6lions  ; and  as  thefe  attrac- 
tions keep  them  from  flying  out  of  their 
rbits  by  their  centrifugal  forces,  fo 
thefe  forces  keep  them  from  falling  to- 
wards each  other  by  their  mutual  attrac- 
tions.— And  this  is,  w^hat  we  call,  thr 
balance  of  natwc* 


E.  This 
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E.  This  is  a new  light  to  me,  and  a 
moft  delightful  one  it  is.  But,  although 
I think  I underhand  it,  I wilh  you  would 
further  explain  it  by  a figure. 

N.  Here  is  a figure  (PLATE  I.  Fig.  3.) 
which  I drew  lah;  night  on  purpofe  for 
you  ; in  which,  fuppofe  A to  reprefent  the 
fun,  B the  earth,  and  C the  line  of  direc- 
tion in  which  the  fun  and  earth  mutual- 
ly attra6l  each  other  : in  which  line,  take 
a point  much  nearer  the  center  of 

A than  the  center  of  LJ,  as  B contains  kfs 
matter  than  A ; the  center  of  /I  being  at 
hy  and  the  center  of  B at  /.  A and  B 
were  allowed  to  fall  againfl;  each  other, 
by  the  power  of  their  mutual  attra61ions, 
then,  in  the  time  that  A would  fall  through 
the  fpace  h g,  B would  fall  through  the 
Ipace  i g;  and  both  thefe  bodies  would 
meet  at  g^  bccaufe  B would  fall  as  much 
fafter  than  At,  as  its  quantity  of  matter 
(and  corifequcntiy  its  attradive  force)  is^ 
lefs  than  that  of  A. 

Bi4t,  in  the  time  the  fmall  body  B goes 
round  the  large  circle  a b Cy  the  great  body 
A goes  round  the  fmall  circle  d e f ; by 
which  motion,  eac^  of  thefe 'bodies  ac- 
quires 
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quires  a centrifugal  'force  equal  to  the 
attra6Uve  force  of  the  other ; and  the 
point  is  the  center  of  both  the  circles 
which  the  bodies  defcribe  ; and  is  called 
(heir  common  center  of  gravity^  or  the  center 
of  gravity  between  them. 

E.  I fhould  be  glad  to  know  why  it  is 
fo  called. 

N,  I will  tell  you. — Suppofe  A and  B 
to  be  two  balls  of  different  quantities  of 
matter,  and  confeqiiently  of  different 
weights  ; and  that  thofe  balls  are  conneft- 
ed  by  a fmall  inflexible  wire  C,  that  has 
no  weight  at  all  (if  you  can  imagine  a 
wire  to  have  no  weight,  like  the  imma- 
terial line  in  which  the  fun  and  earth  at- 
traft  each  other).  Having  the  wire  by  a 
thread  fixed  to  the  point  wdiich  point  is 
as  much  nearer  the  center  of  tlie  great 
ball  Aj  than  it  is  to  the  center  of  the  lit- 
tle balk^,  as. the  weight  of  ^ is  lefs.than 
the  weight  of  A and  then,  thefe  balls 
will  fupport  and  balance  each,  other,  like 
different  "weights,  at  the  two  ends  of  a 
common  fteelyard,  by  which  you  have 
feen  meat  weighed  at  home,  after  it  was 
brought  from  market.  The  point  may 
. ' reprefen  t 
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reprefent  the  center  or  axis  of  the  fleel- 
yard,  which  bears  the  weights  that  are  at 
both  its  ends.  And,  as  gravity  and  weight 
are  lynonimous  terms,  the  point  or 
center  of  the  fleelyard,  is  not  improper- 
ly termed  the  center  of  gravity  of  the 
weights  A and  jB. 

-E.  I underftand  you  perfectly  well ; and 
am  much  obliged  to  you  for  the  pains^ 
you  have  taken'  hitherto,  to  make  every 
thing  fo  plain  to  me. 

N,  And,  now,  if  you  twill  the  thread 

by  which  the  wire  and  balls  are  fuljDend- 

ed  at  the  point  the  untwifting  of  the 

thread  will  caufe  them  both  to  go  round  ; 

• \ 

the  great  ball  in  the  fmall  circle  d e and 
the  little  ball  in  the  great  circle  a b c;  and 
the  center  of  gravity  g between  them  will 
remain  at  reft. 

jE.  From  which  I infer,  that  the  center 
of  gravity  between  the  fun  and  the  earth 
is  a motionlefs  point, 

N.  And  your  inference  is  right. 

E.  I was  juft:  going  to  alk  you  a quef- 
tion,  but  am  very  glad  a lucky  thought 
prevented  me;  for  it  would  have  been 
quite  childifh. 


N.  Remember 
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N.  Remember  what  M.  Beaugraml  told 
you  when  he  began  to  teach  you  French; 
Never  f car ^ hut  speak  ouf^  ri^ht  or  tcrou^;  if 
you  are  wrono  / xvill  not  laugh  at  you  ; 1 will 
put  you  right, — Now  tell  me  what  your 
intended  que/Hon  was. 

jE.  As  we  were  obliged  to  hang  the 
wire  and  balls  by  a thread,  to  fupport 
their  center  of  gravity  ; 1 was  juft  about 
to  afk,  what  is  it  that  fupports  the  cen- 
ter of  gravity  between  the  eartli  and  the 
fun  ? ^ 

N.  Well : — And  what  was  the  lucky 
thought  that  prevented  your  afking  that 
queRion  ? 

E.  I immediately  recollected,  that  we 
muft  fupport  the  center  of  gravity  between 
the  two  balls,  becaufe,  othervvife,  they 
would  have  fallen  to  the  great  earth  by 
. the  power  of  its  attra6lion.  But,  as  there 
is  no  greater  body  than  the  fun  and  earth 
to  attract  them,  they  could  fall  no  way 
but  toward  each  other  : and,  therefore, 
the  common  center  of  gravity  between 
them  needs  nothing  to  fupport  it. 

iV,  If  you  had  aiked  the  quelHon,  I 
fhould  have  told  you  the  very  fame  thing, 

G V.  £.  if 
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E.  If  all  the  parts  of  aflronomy  are  as 
eafly  learned  as  thofe  which  you  have 
already  taught  me,  I fhall  have  no  reafbn 
to  be  vain,  even  if  I become  a tolerable 
good  allronorner  by  your  inflru61ions. 

N.  I dare  not  fay  they  are;  but  I will 
make  every  part  of  it,  which  I inform 
you  of^  as  plain  as  I can. 

E-  You  have  already  told  me  that  the 
earth  is  a planet,  and  that  there  are  other 
planets  befides,  which  go  round  the  fun. 

iV.  Yes : there  are  five*  befides  our 
earth : and  they  are  called  Mercury^  Venus^ 
Mars,  Jupiter^  and  Saturn. 

E,  Then,  our  fun  mud:  be  their  fun 
too. 

N.  It  is  really  fo;  and  enlightens  them 
all. 

E.  I could  never  believe  that  the  Al- 
mighty does  any  thing  in  vain  ; and  there- 
fore I begin  to  think,  that  all  the  other 

planets 


* Since  this  work  appears  to  have  been  published, 
two  more  have  been  discovered,  to  one  of  which  Astro- 
nomers give  the  name  of  the  Georgium  Sidus. 
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planets  are  inhabited  as  well  as  our  earth. 
For,  to  what  purpofe  could  the  fun  fhine 
upon  lifelefs  lumps  of  matter,  if  there 
were  no  rational  creatures  upon  them  to 
enjoy  the  beneHt  of  his  light  and  heat  ? 

N.  Ay,  why  indeed  ? — And  I will  tell 
you  one  thing  more,  which  will  confirm 
your  belief  that  they  are  inhabited. — They 
turn  round  their  axis,  as  our  earth  turns 
round  its  axis;  for  which  plain  reafon, 
they  have  days  and  nights  as  our  earth 
has  : and  the  two  which  are  fartheft  from 

the  fun,  namely  Jupiter  and  Saturn^  and 
which,  confequently,  have  much  lefs 
light  than  our  earth  has,  have  moons  to 
enlighten  them,  Jupiter  four,  and  Saturn 
five. 

. £.  *To  me  this  is  a pofitive  proof  of 
their  being  inhabited  ; and  is  enough  to 
mate  .us  think,  that  we  are  but  a fmall 
part  of  the  creation,  or  of  the  favourites 
of  heaven,  and  that  all  the  regards  of 
Providence  are  not  attached  to  our  dimi. 
niitive  concerns. 

N,  The  Divine  Providence  is  univerfal. 
GOD  loves  his  creatures,  as  is  manifeft 
by  what  be  Hath  done  for  us,  who,  per- 

G 2 haps. 
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haps,  deferve  lefs  of  his  favour  than  the 
inhabitants  of  all  the  other  planets  do 
taken  together.— It  is  as  eafy  to  him  to 
take  care  of  thoufands  of  millions  as  of 
one  individual,  and  to  liften  to  all  their 
various  rcquefts. — On  account  of  his  om- 
niprefence,  nothing  can  efcape  his  no- 
tice ; and  on  account  of  his  omnifcience, 
nothing  can  efcape  his  knowledge  ! 

E.  And,  as  his  omnipotence  may  be 
inferred  from  his  works,  fo  I have  often 
thought  that  his  goodnefs  may  be  in- 
ferred  from  his  power.  For,  as  he  had 
power  enough  to  make  the  world,  he 
certainly  has  power  enough  to  puniOi 
the  world  : and,  confequently,  if  his  good- 
nefs  were  not  equal  to  his  power>  he  would 
punifli  us  feverely  for  breaking  his  laws. 

iV.  I believe,  lifter,  a more  juft  infe- 
rence was  never  made. 

jS.  Do  all  the  planets  go  round  the  fun 
in  a year,  as  our  earth  does  ? 

iV.  No  : thofe  which  are  neareft^  the 
fun  go  fooneft  round  him,  and  thofe 
which  are  fartheft  from  him  are  longeft 
in  performing  their  circuits. 

E.  And  do  they  all  move  round  the 

center 
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center  of  gravity  between  the  fun  and 
them,  as  rpund  a fixed  point  ? 

N,  They  do. 

E.  Then,  as  the  times  of  their  going 
round  the  fun  are  fo  various,  I cannot 
fee  how  the  fun  can  defcribe  any  regular 
circle  round  the  common  center  of  gravi- 
ty  between  liim  and  them  all.  ‘ For,  in 

m 

order  that  the  fun  fhould  move  regularly 
round  such  a circle,  I think  all  the  planets 
would  need  to  be  ' joined  together  in  one 
mafs. 

EJ,  nds  very  true,  and  vve  must  pro- 
ceed by  degrees.  What  I fhowed'yoti  by 
the  figure  was  only  on  fuppofition,  that 
there  is  but  one  planet  belonging  to  the 
fun.  But  as  there  are  fix  belonging  to  him, 
and  going  round  him  in  very'  different 
periods  of  time,  he  is  only  agitated  (as  it 
were)  round  the  common  center  of  gra- 
vity of  the  whole  fyfiem  ; and  deferibes 
no  regular  or  perfect  circle  round  it,  but 
is  fometimes  nearer  to  it,  and  at  other 
times  fartlier  from  it,  -according  as  he  is 
^attra<ded  by  a greater  or  fmaller  number 
of  planets^oward  any  fide  of  the  heavei>s. 

In 
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E.  In  what  times  do  all  the  planets  go 
round  the  fun  ? 

N.  Mercury  iii  87  days,  23  hours,  of 
our  time  ; Verms  in  224*  days,  17  hours  ; 
the  Earth  in  H65  days,  6 hours;  Mars  in 
6S6  days,  23^hoitrs;  Jupiter  m 4332 
days,  12  hours  ; and  Saturn  in  10,759  days, 
7’  hours  : all  ths  same  way,  from  weft, 
by  fouth,  to  eaft.  , 

E.  Arid^do  you  know  what  their  dift- 
ances  from  the  fun  are  ? 

N,  Their  comparative  diftances  from 
the  fun  have  been  known  long  ago,  both 
by  the  laws  of  nature,  and  by  obsefva* 
tion,  and  are  as  follow. — If  we  fuppofe 
the  earth’s  diftance  from  the  fun  to  be 
divided  into  100,000  equal  parts,  Mer- 
cury’s diftance  from  the  fun  will  be  equal 
to  38,710  of  thefe  parts  ; Venus’s  diftance 
72,333  ; Mars’s  diftance  152,369 ; Jupi- 
ter’s diftance  520,096  ; and  Saturn’s  dif 
tance  954,006. 

£.  And  can  you  tell  how  many  miles 
are  contained  in  thefe  parts? 

N.  Not  fo  exa6Uy  as  we  could  wifh  ; 
yet  aftronomers  have  come  much  nearer^ 
to  the  knovvledge  thereof,  by  the 
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tranfit  of  Venus  over  the  fun,  on  the  6th 
of  Jnue  1761,  and  another  in  the  year  1769, 
than  ever  they  were  before.— The  method 
of  finding  thefe  diftances  by  the  tranfit  is 
purely  geometrical ; which,  as  you  have 
,not  yet  learned  any  thing  of  geometry, 
I cannot  at  prefent  make  you  under- 
ft  and. 

E.  But,  tell  me  what  thefe  diftances 
are,  as  deduced  from  the  tranfit  in  June 
1761. 

N,  Mercury’s  diftance  from  the  fun  is 
36,841,468  Englifti  miles:  Venus’s  dif- 
tance 68,891,486  : the  Earth’s  diftance 

95,173,000  : Mars’s  diftance  145,014,148  : 
Jupiter’s  diftance  494,990,176:  and  Sa- 
turn’s diftance  907,956,130. 

E.  Thefe  diftances  are  fo  immenfelv 
great,  that  I can  form  no  idea  of 
them. 

N,  Then  I will  endeavour  to  render 
them  more  familiar  to  you.  For  we  are 
generally  fb  much  ufed  to  fpeak  of  thou- 
fands  and  millions,  that  we  have  almoft 

loft  the  idea  of  the  numbers  they  con- 
tain. 

Suppofe 
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Suppofe  a body,  proje6led  from  the 
fun,  fliould  continue  to  fly  at  the  rate  of 
480  miles  every  hour,  (whicli  is  ^ much 
about  the  fwiftnefs  of  a cannon-ball)  it 
would  reach  the  orbit  of  Mercury  in  8 
years,  216  days;  of  Venus  in  1(5  years, 
]36  days  ; of  the  Earth  in  22  years,  226 
days;  of  Mars  in  34  years,  165  days  ; 
of  Jupiter  in  117  years,  237  days;  and 
of  Saturn  in  215  years,  287  days. 

E,  Amazing  to  think  that  a cannon- 
ball would  be  upwards  of  200  years  in 
going  from  the  fun  to  the  remotefl:  planet' 
of  the  fy  ftem ! The  diflance  mull  indeed 
be  immenfe ! 

N.  Great  as  you  think  it,  (and  to  be 
fure  great  it  is)  yet  fome  of  the  comets 
go  almofl:  fourteen  times  as  far  from  the 
fun  as  Saturn  is  : notwithftanding  which, 
they  are  then  nearer  to  the  fun  than  to 
any  of  the  ftars.  For  if  any  comet  fhould 
go  as  near  to  any  liar  as  it  is  to  the  fun, 
when  farthell  from  him,  it  w^ld  be  as„ 
much  attra61ed  by  that  ftar  as  it  is  then 
by  the  fun;  and  its  motion  being  then 
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toward  the'  dar,  it  would  go  on,  and  be- 
come a comet  to  that  ftar ; and  we  fhould 
never  hear  of  it  any  more. — And  now, 
Eudosia^ . what  do  you  think  of  the  diftance 
of  the  ftars  ? 

E.  I am  loft  in  wonder ; — But  fuppoling 
there  were  no  comets,  pray  is  there  any 
other  way  by  which  we  might  know 
that  the  diftance  of  tlie  ftars  is  fb  incon- 
ceivably great  ? 

iY.  I fhall  only  tell  you  of  one  w.iy. — > 
If  we  arc  at  a great  diftance  from  two 
neighbouring  houfes,  they  feem  to  be 
ftnall,  and  at  a little  diftance  from  one 
another.  But  as  we  approach  nearer  and 
nearer  to  them,  they  feem  to  grow  big- 
ger and  bigger,  and  the  diftance  between 
them  to  encreafe.  Y ou  know  tbis. 

E,  Very  well ; pleafe  to  proceed.  ^ -f 

iV.  The  earth  goes  round  the  fun  every 
year,  in  an  orbit,  which  is  upwards  of 

190  millions  of  miles  in  diameter. 

Hence,  we  are  190  millions  of  miles 
nearer  to  Ibme  of  the  ftars  juft  now,  than 
we  were  half  a year  ago,  or  (hall  be  half 
^ year  hence  : and  yet,  for  all  that,  the 
fame  ftars  ftill  appear  to  us  of  the  fame 

H magnitude 
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magnitude,  and  at  the  fame  diftance  from_ 
each  other,  not  only  to  the  bare  eye,  but 
alfo  when  viewed  by  the  nicefi;  made  in- 
flruinents. — Which  fhews  very  plainly, 
that  the  whole  diameter  of  the  earth’s 
orbit  is  but  a dimenlionlefs  point  in  com- 
parifon  to  the  diftance  of  the  liars. 

£.  All  further  proofs  of  the  immenfe 
(and,. I fhould  think,  almofl  infinite)  dif- 
tance of  the  liars  would  be  fuperfiuous. 
But  as  we  were  talking  about  the  comets, 
pray,  are  they  not  dangerous  ? — W^e  are 
al  ways  frightened  when  we  hear  of  their 
appearing,  left  their  fiery  trains  fhould 
burn  the  world. 

N»  That  is  owing  to  people’s  not  know- 
ing better!  The  orbits  of  the  planets  are 
all  nearly  in  the  fame  plane,  (as  if  they 
were  circles  drawn  on  a flat  board)  but 

i 

the  orbits  of  the  comets  are  elliptical,  and 
all  of  them  fo  oblique  to  the  orbits  of  the 
planets,  and  alfb "to  each  other,  that  no 
comet  can  ever  touch  a planet.  And  as 
to  thofe  appearances,  which  are  called  the 
tails  of  the  comets,  they  are  only  thin 
vapours,  which  arife  from  the  comets, 
and  which  could  not  hurt  any  planet,^  if  ' 

it 
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it  fl:iould  happen  to  go  through  tl;at  va- 
pgur  when  the  comet  is  crolung  the  plane 
in  which  the  planet’s  orbit  lies.  If  thele 
trains  were  fire,  we  could  not  fee  an/ 
thing  through  them  that  is  beyond  them. 
For,  if  you 'hold  a candle' between  you 
and  any  object,  you  cannot  fee  that  ob- 
je61  through  the  flame  of  the  candle  ; but 
the  fmalleft  ftars  are  feen  through  the  tail 
of  a comet. 

E.  This  is  a comfortable  doclrine  in- 
deed. 

AL  Befldes,  you  know  that  the  world 
mu  if  be  converted,  to  Chriftianity^before  it 
be  burned;  which,  we  can  hardly  be- 
lieve will  be  within  the  time  that  you 
and  I can  live,  according  to  the  ordinary 
courfe  of  nature. 

E.  Alas,  brother;  our  people  who  go 
into  thofe  remote  parts  where  Chriftianity 
was  never  heard  of  behave  fo  unjudly 
and  cruelly  to  the  poor  natives,  as  might 
rather  frighten  tliemTrom  the  chriflian 
religion,  than  induce  them  to  embrace  it. 

I confefs  I am  not  at  all  .furprifed,  when 
I hear,  that  the  native  Americans  rife 
fumetimes  in 'large  bodies,  and  deflroy 
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thofe  who  call  themfelves  Chriftians,  oii 
account  of  their  barbarous  ways  of  ubng 
that  people. 

N.  It  is  not  at  all  to  be  wondered  at  : 
fontheir  principles' are  Good  for  Good^  and 
evil  for  evlL  * 

jE.  As  it  makes  me  melancholy  to  think 
or  fj:)eak  of  thefe  things,  I beg  we  may 
refume  our  intended  fubje61:.  Conlidering 
how  far  the  planets  are  from  the  fun,  and 
in  what  times  they  go  round  him,  they 
mull  move  very  fall:  in  their  orbits.  I 
fliould  be  glad  to  know  how  many  miles 
they  move  every  hour. 

N,  Mercury  moves  109,599  Englifh 
miles  every  hour  ; Venus,  80,295 ; the 
Earth,  58.243  ; Mars,  55,287  ; Jupiter, 
29,083;  and  Saturn,  22,101 . 

£.  And  fb  v^e  are  carried  58,243  miles 
every  hour  along  with  the  earth  in  open 
fpacc,  without  being  in  the  Icafl;  fenlible 
of  tliat  rapid  motion.  . 

iy.  We  are  indeed,  liRer. 

E.  And  can  you  tell  me  what  the  mag. 
pitudes  of  the  fun  and  planets  are  ? 

N.  When  the  diftance  of  an  objeft  is 
known,  there  are  eafy  geometrical  rules 

for 
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for  deducing  it  real  bulk  from  its  appa- 
parent  bulk. — According  to  the  fore-men-' 
tioned  diftances,  the  fun’s  diameter  is 
893,760  miles,  (and  coiifequently  he  is 
I,4l0,ii00  times  as  big  as  the  earth); 
Mercury’s  diameter,  3,100;  Venus’s,  9,360 ; 
the  Earth’s  7,970 ; Mars’s  diameter,  5, 150  ; 
Jupiter’s,  94, 100;  and  Saturn’s  diameter, 
77,990  Englifh  miles. 

The  moon’s  diftance  from  the  earth’s 
center  is  5^40,000  Englifh  miles,  her  dia- 
meter is  2,170  ; fire  moves  (with  refpefl; 
to  the  earth)  2,290  miles  in  her  orbit  eve- 
ry hour ; and  fhe  goes  round  the  earth, 
from  change  to  change,  in  29  days,  12 
hours,  44  minutes. 

Jupiur  has  four  moons  ‘ going  round 
liim  in  different  times  and  at  different  dif- 
tances.  His  firft  or  neareff  moon  goes 
round  him  ini  day,  18  hours,  36  mi- 
nutes ; the  fecond,  in  3 days,  1 3 hours, 
15  minutes  ; the  third,  in  7 days,  3 hours, 
59  minutes;  and  the  fourth,  or  fartheft 
moon  from  him,  in  16  days,  18  hours,  30 
■minutes. 

Saturn  has  five  moons,  the  neareff  of 
which  goes  round  him  in  1 day,  21  hours, 
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IS  minutes;  the  fecond,  in  2 days,  17 
hours,  4*0  minutes  ,•  the  third,  in  4 days, 
1%  hours,  25  minutes;  the  fourth,  in 
1 5 days,  Z2,  hours,  41  minutes  ; and  the 
fiftli,  or  outermofl,  in  79  days,  7 hours, 
48  minutes.  This  planet  is  encompalFed 
by  a broad  thin  ring,  fet  edge-ways  round 
it,  and  the  didance  of  the  ring  from  the 
planet  is  equal  to  the  breadth  of  the  ring. 
The  fun  lliines  for  almoft  15  cff  our  years, 
together  on  the  northern  fide  of  the  ring, 
then  goes  off,  and  fhines  as  long  on  the 
fbuthcrn  fide  of  it : fo  there  is  but  one 
day  and  one  night  on  each  fide  of  the 
ring,  in  the  time  of  Saturn’s  whole  revo- 
lution about  the  fun,  which  takes  up  al- 
mofi  30  of  our  years. 

E.  A long  day  and  night,  indeed,  for 
the  inhabitants  of  the  ring,  if  any  fuch 
there  be.  Undoubtedly,  if  it  is  inhabit- 
ted,  it  mufl  be  by  things  very  different 
. from  us;  as  we  have  no  reafon  to  believe 
but  that  the  DEITY  has  accommodated 
•their  days  and  nights  as  well  for  them  as 
he  has  ours  for  us. — But  you  told  me,  that 
the  other  planets  turn  round  their  axis, 

as  our  earth  does  : do  they  all  turn  round 

the 
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the  fame  way,  or  eaftward,To  as  to  cauie 
the  fun  and  liars  to  appear  to  go  round 
wedward  ; and  in  what  times  do  they 
turn  round  ? 

A^.  By  viewing  them  with  g(X)d  tele- 
fcopes,  we  fee  fpots  upon  moft  of  them, 
which  adhere  to  their  furfaces,  and  ap- 
pear and  difappear  regularly  on  their  op- 
polite  lides.  By  the  motions  of  thefe 
Ipots,  which  are  all  eadward,  we  know 
that  Venus  turns  round  her  axis  in  24 
days,  8 hours  of  our  time ; by  which 
divide  of  our  days,  the  time  in  which 
Venus  goes  round  the  fun,  or  the  length 
of  her  year,  and  we  fhall  find,  that  her 

I 

year  contains  only  94  of  her  days.  Mars 
turns  round  in  ^4  hours,  40  minutes  of 
our  time,  and  Jupiter  in  9 hours,  56  mi- 
nutes. We  cannot  tell  in  what  times 
Mercury  and  Saturn  turn  round'  their 
axis,  becaufe  no  fjiots  have  been  leen 
upon  them,  even  by  the  bell  telcfcopes. 
--The  fun  turns  round  his  axis ‘in  a 5 
days,  6 hours,  from  well  to  eafi,  alfo. 

E.  Why  fhould  the  lun  turn  round  ? 
fnr,  as  he  is  the  fountain  of  lights  lie  can 
have  no  days  and  nights. 


N.  To 
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N.  To  turn  away  his  dark  tpots  from 
long  facing  the  planets,  and  thereby  to 
difpenfe  his  light  the  more  equally  all 
around  him  to  the  planets.  Bu%  are 
you  not  tired  by  this  morning’s  long  con- 
verfation  ? 

E.  Far  from  it,  brother,  'though  I am 
Hire  you  may.  But  what  fhall  I do  ? for 
I fear  1 cannot  remember  much  of  what 
you  have  told  me  this  morning,  fb  as  to 
write  it  down. 

N.  Never  mind  that,  Eudosia;  for  I be- 
lieve  I fhall  publifh  thefe  our  con  varia- 
tions, for  the  fake  of  other  young  ladies  ; 
many  of  whom  are,  no  doubt,  willing  to 
learn  Aftronomy,  but  have  no  body  to 
teach  them.  And  then  you  can  have  the 
whole  together  in  print. 

£.  If  you  do,  Sir,  I mull  infill  upon 
your  not  mentioning  my  name. 

N.  Your  defirelhall  be  complied  with  : 
and  in  concealing  your  real  name,  I fhall 
allb  conceal  my  own. 
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DIALOGUE  IIL  • 

% 

ON  GRAVITY  AND  LIGHT. 

Neander^ 

0 

^330,  lifter  ; I find  you  are  not  willing 
to  flip  the  morning  ' opportunity,  when 
we  can  be  undifturbed,  and  by  ourfelves. 
Have  you  made  any  remarks  upon  our 
laft  convciTation  ? 

4 

Eudosia.  Yes,  brother. — In  the  firft  place; 

1 remember  you  told  me,  that  the  planet 
Mercimj  moves  109,(599  miles  every  hour 
in  its  orbit,  and  Saturn  only  about  22,000.- 
I obferved  likewife,  that  the  further  the 
planets  are  from  the  fun,  they  not  only 
take  longer  times  to  go  round  him,  but 
alfo  move  flower  in  every  part  of  their 
Tefpe6Uve  orbits.  Can;  you  affign  any 
reafonfor  this 
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N'.  The  nearer  tliat  any  planet  is  to  the 
fun,  the  more  flrongly  it  is  attra61:ecl  by 
the  fun  ; the  farther  any  planet  is  from 
the  fun,  the  lefs  is  the  force  of  the  fun’s 
attraclion  upon  it.  And,  therefore,  thofe 
planets  which  ^re  the  nearer  to  the  fun 
niLift  move  the  fafter  in  their  orbits^  in 
order  thereby  to  acquire  centrifugal 
forces  equal  to  the  power  of  the  fun’s  at. 
traftion  : and  thofe  which  are  the  far- 
ther from  the  fun  muff  move  the  flower^ 
in  order  that'  they  may  not  have  too 
great  a degree  of  centrifugal  force  for 
the  weaker  attra6lion  of  the  fun  at  thofe 
diflances. 

E.  Then  I under  (land,  that  the  fun’s 
attra6Hon,  at  each  particular  planet,  is 
equal  to  the  centrifugal  force  of  each 
planet ; and,  that  means,  the  planets 
are  all  retained  in  their  refpedtive  orbits. 

Is  it  not  fo  ? 

N-  Accurately  fo. 

E,  Then,  as  the  power  of  the  Deity  is 
manifeft,  in  having  fet  off  fuch  large  bo- 
dies as  the  planets  are,  with  fuch  amaz- 
ing degrees  of  velocity ; -fb  liis  great  wif- 
dom  is  confpicuous,  in  having  fo  exa611y 
adjufted  their  velocities,  and,  confequent- 
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ly,  their  centrifugal  forces,  to  the  diff'e- 
rent  degrees  of  tlie  fun’s  attra61ion  at  the 
diftances  the  planets  are  from  him. — Here 
is  a wonderful  balance  indeed^-  Can  there' 
be  an  atheill  ? — I am  fure  no  man  could 
be  fo,  after  hearing  fuch  things  as  you 
have 'told  me  of.* 

• N,  Tis  fad  there  are  atheifts  : but  thev 

^ ¥ 

muft  all  be  ftupid  fools. — The  Almighty 
has  laid  the  great  book  of  nature  open  to 
our  view ; lo  that,  every  one  that  runs 
may  read,  Suppohng  matter  had  exifted 
from  eternity,  (which  by  the  bye,  is  too 
great  a compliment  to  be  paid  to  matter) 

I imagine  the  greatell  atheill  in  tlie. world 
could  hardly  bring  himieif  to  believe  that  • 


ftones  could  have  hewed  themftives, 
bricks  made  themfelves,  trees  fhaped  ' 

A. 

t!f;infelves  into  beams  and  boards,  and 
mortar  made  itfeif;  and  then  all  thefe  ma- 


terials have  jumbled  themfelves  together, 
fo  as  to  build  a houfe.  And  what  is  a 
houfe  in  oomparifon  to  a planetary  f\T- 
tem  ; or  the  fldll  required  to  build  it, 
'when  compared  with  the  organization  of 
any  infe61  ? 

Nothing  at  all. But  I am  apt  to 

you  into  digrefiions.  Doth  the 
^ ^ power 


lead 
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power  of  the  furfs  attraftion  decreafe  in 
proportion  as  the  didance  from  him  in- 
creafes  ? 

X.  No : his  attra6\ive  force  dimipifhes 
‘ in  proportion  as  the  fquarcs  of  the  diftan- 
ccs  (that  is,  as  the  didances  multiplied  by 
themlelves)  from  him  increafe.  So  that 
at  twice  the  diftance  from  the  fun’s  center, 
his  attractive  force  is  four  times  lefs : at 
thrice  the  diilance,  it  is  three  times  three 
times,  or  nine  times  lefs;' .at  four  times 
the  diftance,  the  attraction  is  four  times 
four  times,  or  fixteen  times  lefs ; . and  fo 
on. — And  this  we  find,,  from  the  compa- 
rative dlftances  of  the  planets  from  the 
fun,  and  their  different  velocities  in  their 
orbits  : beiides,  I have  often  feen  this  ex- 
perimentally confirmed  by  a machine  call- 
ed the  whir  ling- table. 

E.  If  I underftand  this;  fuppofing  there 
are  four  planets  fo  placed,  as  that  the 
didance  of  the  feco.nd  from  the  fun  is  twice 

I 

as  great  as  the  difiance  of  the  firfi  ; the 
diiiance  of  the  third,  three  times  as  great ; 
and  the  diflance  of  the  fourth,  four  times 
as  great  as  the  didance  of  the  firfi : the 
fourth  will  be  attraCied  only  with  a lix- 
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teenth  part  of  the  force  wherewith  the 
firft  is  attrafted  ; the  third  only  with  a 
ninth  part  of  the  force  ; and  the  fecond 
with  only  a fourth  part  of  the  force  thaf 
attra61s  the  firfi;. .. 

iV.  Exactly  -lb.  ^ 

E.  I fhould  be  glad  to  know  'the  rea-r 
fan  why  the  fun’s 'attra61ion  .decreafes  in 

s 

proportion  to  tlje  fqnares  of  the  diftances 
from  him.  . ‘Why  do  you  fhake  your 
head  ? ' ■ - . 

N.  I^caufe  you  afK;  me  a queflion  which 
Sir  Isaac  Newton  himfelf  could'  not  ' 
folve  ; although  . he  . was  the  prince  of 
philofophers.  ^ , 

E,  But  can  you  give  me  no  idea  at  all 
of  it? 

N.  I could  ; and  a very  plain  one  too, 
if  the  attra6Hve  force  (the  effedl  of  which 

t » 

vye  call  gravi  ty)  acled  only  according  to 
■the  furface  of  the  at  traded  body. 

: E.  Your  z/  implies  that  it  does  not : but 
if  it  did,  why  fhould  it  dccreafe  in  that 
proportion  ? 

iV.  I have  drawn  a figure  for  your  in- 
fpedion  (PLATE  II.  1)  which  indeed, 
is  for  a quite  different  purpofe  : but  it  > 
V)  would 
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'would  exa6Uy  folve  your  quellion,  if  gra- 
vity a61ed  as  all  mechanical  caufes  do  ; 
only  on  the  furface  of  bodies. 

Let  *S’.  be  the  centre  of  the  lun;  and  S d, 
S c,  S\f\  S g,  be,  as  it  were,  lines  of  at- 
tra61ive  force,  drawing  the  three  fquare 
plates,  and  Q towards  Y.  Thefe  lines 
touch  only  the  four  corners  of  the  plates  ; 
but  we  may  fuppofe  the  whole  Ipace  with, 
in  them  to  be  full  of  fuch  attractive  lines  ,* 
laying  hold  of  all  the  parts,  or  points  (if 
you  will)  of  the  furface  of  each  plate;  and 
every  particle  of  matter  in  each  plate  re- 
quiring an  equal  degree  of  power  to  draw 
it  equally  fall  toward  the  fun. 

Now,  let  the  plate  B be  twice  as  far  from 
the  fun’s  center  as  the  plate  A is;  the 
plate  C three  times  as  far,  and  the  attrac- 
tive  forces  equal  on  each  plate,  as  if  the 
above  mentienod  four  lines  S d,  S e,  5/, 
and  Sg,  were  four  cords,  equally  fire  toll- 
ed, and  pulling  all  the  plates  with  equal 
forces  toward  S, — But,  the  plate  B being 
twice  as  long,  and  twice  as  broad  as  the 
plate  A,  it  is  plain,  by  the  figure,  tliat  B 
contains  four  times  as  much  furface  as  J 
does,  and  four  times  as  great  a quantitv 

of 
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of  matter,  fuppofing  it  as  thick  as  and 

the  plate  C,  being  three  times  as  broad, 
and  three  times  as  long  as  A,  contains 
nine  times  as  much  furface  and  matter  as 
A does,  fuppofing  it  of  an  equal  thick- 
nefs  with  A 

Suppofe  now,  that  the  intermediate 
lines  of  attraftion,  between  the  four  cor- 
ner lines,  are  lb  dole  together,  as  that 
they  lay  hold  of  every  point  of  the  furface 
of  and  draw  it  toward  S with  all  their 
force;  it  is  plain,  that  they  can  only  lay 
hold  of  every  fourth  point  of  the  furface 
of  and  of  every  ninth  ppint  of  the  fur. 
face  of  C ; fo  that,  the  plate  B will  want 
three  fourth  parts  of  the.  attradion  that 
would  be  fufficient  to  draw  it  toward  S as 
■fafi;  as  the  plate  A is  drawn;  aud  C will 
want  eight  ninth  parts,  of  the  attradion 

that  would  be  fufficient  to  make  it  move 

% 

as  fad  as  A toward  S. 

£•  1 fee  this  very  well:  but,  if  gravi- 
ty ads  not  according  to  the  quantity  of 
furface,  pray  how  doth  it  a6l  ? 

N,  Exa6lly  in  proportion  to  the  fblid 
centents  of  bodies  ; that  is,  to  the  qusn- 
, tities  of  matter  they  contain.  For,, you 

know, 
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know,  that  if  you  would  take  the  plate 
C as  it  is,  and  weigh  it  in  a balance ; 
then  take  it  out,  and  cut  it  in  the  lines 
drawn  on  its  furface,  by  which  means  you 
would  divide  it  into  nine  fquare  pieces : if 
you  then  lay  them  above  one  another  in 
the  fcale,  they  will  be  juft  as  heavy  as 
they  were  before,  when  Jhey  lay  at  each 
other’s  edges,  all  in  one  piece,  in  the 
leale.  Or,  if  you  fuppofe  them  to  be  fa 
cut,  and  then  joined  together  at  each 
other’s  backs,  and  put  them  at  the  diftance 
.S'  c from  the  fun,  as  before  ; they  will 
have  only  a ninth  part  of  the  furface  to- 
ward the  fun  as  before  : and  yet,  the  fun’s 
attra6live  force  on  them  will  be  juft  the 
fame, 

E.  Then,  it  feems,  there  is  no  way  of 
accounting  for  the  manner  in  which  gra- 
vity a6ls^  but  by  refolving  it  into  the  will 
of  the  Deity  ; feeing  that 'the  quantity  of 
furface  has  nothing  to  do  in  the  cafe. 

]S[.  Indeed  there  is  not.  And,  there, 
fore,  when  I henceforth  fpeak  of  gravity, 

I would  have  you  always  underftand,  that 
Ido  not  thereby  mean  a Cause,  but  the 
effect  of  a caufe,  which  we  do  not  compre- 
hend. 
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liencl.  Belides,  you  know,  that  if  gravity 
a6tecl  according  to  the  furfaccs  or  bulks 
of  bodies,  a cork  would  be  as  heavy  as 
a piece  of  lead  of  the  fame  bulk  as  tlie 
cork. 

E.  Very  true. — But,  as  you  told  me 
that  the  figure  we  have  been  looking  at 
was  not  intended  to  fhew  how  gravity 
a6\s  ; may  I enquire  what  you  intend  to 
teach  me  by  it ; as  you  faid  you  drew  it 
for  me  ? 

N.  It  is  to  fhew,  tliat  the  light  of  the 
fun,  or  of  any  other  luminous  body, 
decreafes  in  proportion  as  the  fquare  of 
the  diftance  from  the  luminous  body  in- 
creafes.  The  rays  of  the  fun’s  light  go 
out  in  ftraiglit  lines  from  all  points  of 
the  fun’s  furface:'  and,  confequently,  the 
farther  they  go  off  from  the  fun,  ' the 
more  theyfpread  ; and  fb  they  cover  the 
more  of  the  furfaces  of  bodies  at  the 
greater  difiances. 

E.  How  is  it  known  that  light  moves 
in  ftraight  lines  ? 

iY.  Bccaufe,  if  we  endeavour  to  look 
at  the  fun,  or  at  a candle,  tlirough  the 

K bore 
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bore,  of  a bended  pipe,  we  cannot  fee  it ; 
but  through  a flraight  pipe  we  can. 

E.  Enough,  Brother  ; pleafe  now  to  ex- 
plain the  figure, 

N,  Let  S be  the  fun’s  center,  and  S 
S Ct  S f\  S be  four  rays  of  light,  go- 
ing out  from  the  fun’s  furface  in  Braight 
lines  (in  the  fame  dire6lion  as  if  they 
proceeded  from  the  center),  and  fuppofe 
the  fpace  within  thefe  rays  to  be  filled 
with  others.  Take  the  diftances  S 
S 7i,  S C\  from  the  fun’s  center,  fo  as 
S B fhall  be  twice  as  great  as  SA^  and 
S C thrioe  as  great.  Then,  at  the  dif- 
tance  S A place  the  little  fquare  plate  Aj 
on  which  all  the  rays  will  fall  that  fill 
the  above-mentioned  fpace  at  A.  At  the 
dhlancc  S />,  place  the  fquare  plate 
which  being  twice  as  long  and  twice  as 
broad  as  the  plate  A,  it  contains  four 
times  as  much  fuidace  as  A does  : and 
if  A be  taken  away,  all  the  light  that 
fell  upon  it,  will  fall  upon,  and  cover 
the  whole  furface  of  B;  which  being 
four  times  as  large  in  furface  as  A is, 
and  having  only  as  much  light  upon  it 

as 
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as  A had)  every  point  of  the  furface  of 
B can  have  no  more  than  a fourth  part 
of  the  furface  of  A.  And,  laftly,  at  three 

times  the  diidance  S place  the  fquare 
plate  C ; which  being  three  times  as  long 
and  three  times  as  broad  as  the  plate  A^ 
it  contains  nine  times  as  great  a fur« 
face  : and  then  if  B be  taken  out  of 
the  way,  fo  as  to  let  all  the  light  that 
fell  upon  it  go  on  to  th^  plate  C,  the 
light  will  juft  cover  the  furface  of  that  ^ 
plate ; which  being  nine  times  as  large 
as  the  furface  of  A^  and  having  no  more  ♦ 
light  upon  it  than  A had,  ftis  plain,  that 
the  light  upon  every  point  of  C is  but 
a ninth  part  fo  ftrong  and  vivid  as  it 
was  upon  every  point  of 

E.  Nothing  can  be  plainer  than  this  : 
and  it  follows  of  courfe,  that  at  four 
times  the  diftance  of  A from  the  fun, 
his  light  is  lixteen  time's  weaker  than  at 
A ; at  five  times  the  diftance,  it  is  twen- 
ty-five times  weaker*;  and  fo  on.  I 
thank  you  for  making  this  fo  plain. 

K 2 N:  Indeed 


^8  THE  YOUNG  GENTLEMAN  AND 

N.  Indeed  I deferve  none  of  your  thanks 
for  it.  I copied  the  figure  from  do6^tor 
Smitlfs  Optics.  That  worthy  gentleman 
was  my  good  old  mafter ; ^nd  he  is 
mafter  of  Trinity  College  in  Cam- 
bridge. 

O 

E.  Seeing  that  ’the  comparative  dif. 
tances  of  all  the  planets  from  the  fun 
are  known,  I make  no  doubt  but  you 
can  tell  me,  what  the  comparative  quan- 
tides  of  the  fun's  light  on  all  the  planets 
are.  . 

N.  Very  eafily.— The  fun's  light  is 

feven  times  as  great  on  Mercury  as  on  the 

0 

Earth  ; about  twice  as  great  on  Venus  ; at 
Mars,  it  is  not  half  fo  great,  or  flrong, 
as  we  have  it  on  the  Earth ; at  Jupiter, 
only  a twenty-eighth  part  fo  flrong  as  at 
the  Earth ; and  at  Saturn,  is  but  about 
a ninetieth  part  fo  flrong  as  with  us. 

E\  1 hen,  I fliould  be  almoft  tempted 
to  think — but  I cannot — will  not  in- 
dulge luch  a thought,  as  that  the  Deity 
is  partial : for  I cannot  imagine  the  in- 
habitants of  our  Earth  to  be  better  than 
thofe  of  the  other  planets.  On  the  con- 
trary, 
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trary,  I would  fain  hope  they  have  not 
afted  fb  abfurdly  with  refpebt  to  him,  as 
we  have  done. 

N.  Tell  me  freely  what  the  thought 
was  that  arofe  in  your  mind,  Vv^hich  you 
are  fo  willing  to  fupprefs.- — The  Deity 
is  no  other  way  a refpebter  of  perfbns, 
than^  that  of  properly  didinguifliing  be- 
tween the  good  and  the  bad  ; and  fo  re- 
warding the  one,  and  punifliing  the  other 
accordingly. 

E.  It  leemeth  to  me,  that  the  inhabi-  ' 
tants  of  the  nearefl  planets  to  the  fun 
mufl  be  blinded  by  too  much  light ; 
and  that  thofe  of  the  farthefl.  planets- 
from  the  fun  mud:  be  puni/hed  all  their 
lives  with  fo  weak  a light,  as  can  be 
called  little  better  than  darkncfs. — We 
could  not  bear  feven  times  as  much  light 
as  we  have  from  the  fun  ; nor  be  able 
to  do  our  work  with  only  a ninetieth  part 
of  the  light  we  have. 

N.  Your  refle6lion,  filler,  is  very  na-  ' 
tural.  But,  after  afkine"  you  two  or 
three  plain  queflions,  I believe  I fhall  be 

• able 
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able  to  give  you  full  fatisfaflioii  on  that 
head. 

E.  Pray  aPi  them,  and  I will  anfwer 
them  if  I can. 

X.  After  you  have  been  a while  out  in 
the  fnowy  ilreet,  can  you  fee  as  well  to 
work  w^ith  your  needle  immediately  on 
coming  vinto  your  room,  as  you  did  before 
you  went  out  ? 

E.^N'O. 

iY.  Can  you  bear  the  Prong  refie6Hon 
of  the  furfs  light  from  the  fnow,  juft  as 
w^cll  when  you  have  been  walking  half  an 
hour  in  it  ? 

7A  No’ 

Ab  Can  you  give  fuch  a reafon  for 
this  as  would  fatisfy  a philofopher  ? For 
YOU  know  that  the  fnow  refled s not 
lefs  light  for  your  having  been  a \\diile 
walking  in  it  ; nor  is  your  room  a 
bit  the  darker  for  your  having  been  out 
. of  it. 

if.  I wifh  I could,  but  indeed  I can- 


not. 


X Then 
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AL  Then  I will  tell  you.— Our  eyes 
are  made  fo,  that  their  pupils  (which  let 
in  the  light,  whereby  we  fee  ob;e61s) 
dilate  when  the  light  is  weak,  that  they 
may  take  in  the  more  ot  it  ; and  con- 
trait  when  the  light  is  ftrong,  that  they 
mav  admit  the  fewer  of  its  ravs. — Mhild: 
you  are  in  your  room,  the  pupils  of  your 
eyes  are  dilated  ; and  for  that  reafbn, 
wlien  you  go  out,  they  take  in  too 
much  of  the  light  refleiled  from  the 
fnow,  which  you  find  is  hurtful.  But 
they  foon  contrail  f),  as  to  a/lmit  no 
more  of  that  Itrong  light,  than  you  can 
eafily  bear. — And  then,  when  you  come 
into  your  room,  with  the  pupils  of  your 
eyes  cont railed,  the  room,  being  net  lo 
light  as  the  ftrcct,  appears  darker  to  you 
than  it  did  before  you  went  out  : but, 

in  a fhort  time,  tlie  pupils  dilate  again  ; 
and  then  they  let  in  a fulficient  quantity 
of  light  for  you  to  'work  by. 

Now,  fuppoling  all  tlie  other  planets 
to  be  inhabited  by  fuch  beings  as  we 
are,  (though,  for  reafons  I fhall  men- 
tion afterwards,  wc  cannot  believe  thev 

arc) 
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are)  if  the  pupils  of  their  eyes  who 
live  on  the  planet  Mercury  are  feven 
times  as  fmall  as  ours  are,  the  light  will 
appear  no  ftronger  to  them  there  tlian  it 
doth  to  us  here.  And  if  the  pupils  of 
their  eyes  who  live  in  Saturn  are  ninety 
times  as  large  as  ours,  (which  they  will 
be,  if  they  are  nine  times  and  an  half 
as  large  in  diameter  as  ours ; and  which 
will  appear  to  be  no  deformity  where  all 
are  alike,  and  other  forts  have  never  been 
feen)  the  light  there  will  be  of  the  fame 
llrength  as  it  is  to  our  eyes  here. — Pray, 
Eudosia,  how  many  full  moons,  do  you 
think,  would  there  need  to  be  placed  in 
a clear  Iky,  to  afford  us  moon-light  equal 
to  common  day.light,  when  the  fun  doth 
not  fhine  out,  and  all  our  light  is  by  reflec- 
tion from  the  clouds? 

E.  Indeed,!  cannot  tell: — but  am  apt 
to  think,  that  fixty  or  an  hundred,  at 
mod,  would  do.  For,  when  the  full  moon 
is  not  clouded,  fhe  fhines  fo  clear,  that  I 
can  read  by  her  light. 

JV.  Sixty,  or  an  hundred  ! 1 afTure 

you,  that  you  are  greatly  miftaken : for 

it 
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it  would  require  ninety  thoufand  ; and 
that  number  would  fill  the  whole  of  our 
vifible  fky. 

E,  You  amaze  me;  but  I know  you 
will  not  deceive  me.  Pray,  how  can  you 
find  any  method  of  comparing  moon- 
light with  day-light,  fo  as  to  afcertain  the 
great  difference  between  the  quantities 
thereof  ? 

N.  Have  you  never  obferved  the  moon 
pretty  high  np  in  the  morning  after  the 
fun  was  rifen,  when  the  moon  was  about 
three  quarters  old  ? ' 

£.  Yes,  brother,:  and  when  I liave 

feen  her,  as  it  were,  among  whitifh 
clouds,  fhe  appeared  much  of  the  fame 
colour  as  they  did  ; very  dim  in  compa- 
rifon  with  what  llie  appears  in  the  night. 

N.  And  yet,  fhe  was  juft  .as  bright 
then  as  fhe  is  in  the  night  ; only  tha 
fuperior  light  of  the  day  made  her  feem 
fo  much  other  wife.  Like  a candle, 

which  appears  very  bright  in  the  night* 
time ; but  fet  it-  in  the  ftreet  in  day- 
fi&ht,  and  it  will  feem  very  dim,  ,al- 

L .though 
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tliougli  its  real  brightnefs  is  Hill  the 
fame.  ^ " '' 

E.  I think  I could  almoft  tell  what 
you  are  to  infer  from  all  this  ; but  will 
not  fpeak,  'left"  I fhould  be  miftaken 
again.  And'  therefore  I beg  you  will 
proceed.  ' > ' i . ■ 

^ AT.  When  the  fun  is  hid  by  clouds, 
all  the  light  we  have  is  by  refle61ion  from 

" r f 

them.  The  moon'  refle61s  the  ftin’s  light 
in  the  night-time,  as  the  clouds  do  [in 
the  day  : and  as  fhe  can  reflect  no  more 
light  in  the  day  than  a fmall  bit  of  a 
whitifb  cloud  does,  that  covers  as  much 
of  the  fky,  as  the  moon  covers,  fhe  can 

refle6t  no  more  in  the  night. And  as 

the  full  moon  fills  only'  a ninety -thou- 
'fandth  part  of  the  fky,  her  light  is  no 
more  than  equal  to  a ninety-thoufandth 
part  of  the  common,  day-light.  Now  as 
the  light  of  the  fun  at  Saturn  is  equal 
to  a ninetieth  part . of  his  light  at  the 
earth,  and...,  common  day-light  at  the 
earth  is  90.000  times  as  great  as  moon- 
light ; divide  P0,000  by  .90,  and^  the 
quotient  will  be  1,0Q0 : vdiich  fhews, 

that 
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that  the  fun’s  light  at  -Saturn  is  1000 
times  as  great  as  the  light  of  the  full 
moon  is  to  us. 

E,  1 fee  plainly  that  it  mufl;  be  lb. — 
Oh ! 

• * i ^ 

j\T.  Why  do  you  ligh,  Eudosia  ? 

f *■ 

E-  Becaufe  there  is  not  an  univerfity 
for  ladies  as  vyell  as  for  gentlemen.  Why, 
fhould.  our  lex  be  kept  in  total 
ignorance  of  any  fciepce,  which  would 
make  us  as  much  better  than  we  are,  as  it 

' '4 

would  make  us  wifer  ? 

N,  You  are  far  from  being  lingulaf 
in  this  refpeft.  I have  the  pleafufe  of 
being  acquainted  with  many  ladies  who 
think  as  you  do.  But  if  fathers  would 
do  jullice  to  their  daughters,  brothers  to 
their  fillers,  and  hufbands  to  their  wives, 
there  would  be  no  occafion  for  an  uni- 
verfity for  their  ladies ; becaufe,  if  thofe 
could  not  inflruft  thefe  themfelves,  they 
might  find  others  who  could.  And  the 
confequence  would  be,  that  the  ladies 
would  have  a'  rational  way  of  fpending 

their  time  at  home,  and  would  have  no 

/ 

tafte  for  the  too  common  and  expenfive 

L 2 ■ ‘ ‘ ways 
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ways  of  murdering  it,  by  going  abroad 
to  card-tables,  balls  and  plays : and 
then,  how  much  better  wives,  mothers, 
and  miftreffes  they  would.be,  is  obvious 
to  the  common  fenfe  of  mankind. — The 
misfortune  is,  there  are  but  few  men 
who  know  thofe  things : and  where  that 
is  the  cafe,  they  think  the  ladies  have 
no  bufinefs  with  them ; and  very  abfurd- 
ly  imagine,  becaufe  they  know  nothing 
of  fcience  themftlves,  that  it  is  beyond 
the  reach  of  women's  capacities. 

E.  But,  is  there  no  danger  of  our  fex’s 
becoming  too  vain  and  proud,  if  they 
underftood  thefe  things  as  well  as  you 
do? 

N*  I am  furprized  to  hear  you  can  talk 

fo  oddly. Have  you  forgot  what  you 

told  me  two  days  ago  ? namely,  that  if 
you  had  been  proud  before,  the  know- 
ledge of  Aftronomy,  you  believed,  would 
make  you  humble  ? 

E.  You  have  caught  me  napping,  'as 
the  faying  is  : — but  1 will  not  take  up 
more  of  your  time  at  prefent  with  di- 
grelTions.  I remember,  this  morning, 

to . 
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to  have  heard  you  mention  the  light’s 
going  from  one  pia*ce  to  another,  as  if 
it  took  Ibme  time  in  moving  through 
open  fpace.  I know  that  found  does  fb; 
becaufe  I have  feen  the  flaih  of  a dift^nt 
cannon  before  I heard  the  aoife  that  it 
made. 

N,  True,  lifter;*  and  you  did  not  fee 
the  flafh  at  the  very  inftant  when  it  was 
given ; though  you  faw  it  very  foou 
after. 

E*  And  do  you  know  with  what  de- 
gree of  fwiftnefs  light  moves  ? 

..N.  Yes ; and  you  lhall  foon  know 
too.  The  Earth’s  orbit  lies  far  witlnn 
the  orbit  of  Jupiter. 

E.  Undoubtedly;  becaufe  Jupiter  is 
much  farther  from  the  fun  than  the  Earth 
is. 

N.  Then  you  know,  that  when  the  Earth 
is  between  Jupifer  and  the  fun,  the  fun 
and  Jupiter  appear  oppofite  to  each  other 
in  the  heavens.  And  when  tlie  fun  is 
nearly  between  us  and  Jupiter,  the  fun  and 
and  Jupiter  appear  nearly  in  the  fame  part 
of  the  heaveiis. 


/ £.  Undoubtedly 
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Undoubtedly  they  muft. 

N.  And  therefore,  when  the  fun  and 
Jupiter  appear  almoft  clofe  together,  the 

Earth  is  almoft  the  whole  diameter  of  its 

*•  #' 

orbit  farther  from  Jupiter,  than  when  it 
and  Jupiter  appear  oppoftte  to  each  other 
in  the  heavens. 

JS.  Certainly. 

N.  The  ' times  when  Jupiter’s  moons 
muft  be  eclipfed  in  his  fhadow  are  eaftly 
calculated;  becaufe,  by  telefcopic  obfer^, 
"vations, -'’the  times  in  which  they  go 
round  him  are  accurately  known  ; and 
the  apparent  vanifhing  of  thefe  moons 
in  the  fhadow  may  be  very  well  perceiv- 
ed through  a telefcope  ; or  the  inftants 
when  they  recover  their  light  again,  by 
the  fun’s  ftiining  upon  them,  at  their 
going  out  of  the  fhadow.  And  it  has 
been  always  obferved,  ftnce  telefcopes 
were  invented,  that  thefe  eclipfes  are 
ie'en  fixteen  minutes  fooner  when  the 
Earth  is  neareft  to  Jupiter,  than  when 
it  is  fartheft  from  him.  So  that,  if  there 
were  two  Earths  moving  round  the  fun 
in  the  fame  orbit,  and  always  keeping 

oppoftte 
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oppofite*to  e^acb  other  ; wheri  one  of  them 
is  at  its  leaft  diftande  from  Jupiter  and 
the  other  at  its  ‘greatcft,  an  obferver  on 
the  neareft  would  Tee  the  fame  eclipfe 
fixteen  minutes  fooner  than  an  obferver 
on  the  fartheft  would.  Which  fhews^ 
that  light  takes  lixtccn  minutes  to,,  'move 
through  a fpace  equal  to  the  width 
or  diameter  of  the  earth’s  orbit,,  v^diich 
is  190  millions  of  miles.  And,  r confe- 
quently,  it  muft  take  eight  minutes  ' of 
time  in  coming  from  the  fun  to  the 
earth,  as  the  fun  is  nearly  in  the  center 
of  the  earth’s  orbit : that  is,  at  the  half 
of  190  millions  of  miles,'  or  95  millions 
of  miles  from  the  earth.- 

E.  I underhand  this  ; but  a difficulty 
rifes  in  my  mind.  ' ' . " 

■‘N.  Only  mention  it,  and  I will  remove 
it  if  I can.  ^ . v ' 

E.  The  rays  of  the  fun’s  light  come 
diredly  from'  him  to  the  Earth  ; but  his 
rays  from  Jupiter’s  moons  come  to  us 
only  by  refledlion.  • Are  you  fure  that 
refledled  light  moves  with  the  fame  veloci- 
ty that  direft  light  does  ? 


iW  There 
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AL  I'here  is  no  reafbn  to  believe  but 
t liat  i t does.  A ad  I imagine,  I can  very 
ealily  convince  you  that  it  does  fo. 

If  the  particles  of  light  did  not  fly  off 
from  the  planets  as  fall  as  they  came 
upon  them,  there  ■would  ftill  be  an  ac- 
cumulation of  light  upon  them-;  whicli 
would  make  them  appear  every  night 
brighter  and  brighter ; but,  in  reality, 
they  do  not.  And  if  the  light  flew  off 
fafler  from  the  planets  than  it  comes 
upon  them,  they  would  appear  dimmer 
and  dimmer  every  night ; which  is  not  at 
all  the  cafe. 

E.  But  are  all  the  rays  which  the  fun 
darts  on  any  planet  reflected  from  it,  and 
none  of  them  loft  or  absorbed  in  the  mat- 
ter of  which  the  planet  is . compofed  ? Or, 
if  some  of  them  be  abfbrbed,  will  not  this 
invalidate  your  argument  ? 

N.  Not  at  all,  if  the  absorbed  rays  bear 
a conft ant  proportion  to  the  whole  num- 
ber of  rays  with  which  the  planet  is  fuc- 
ceffively  illuminated  ; and  this  mull  un- 
doubtedly be  the  cafe ; for  the  fame  parts 
of  the  planet’s  furface  which  eitlier  re- 
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fie6V,  or  abforb  the  rays  that-  fall  upon 
them  tkh  moment,  will  be  equally  dif- 
pofcd  to  refledl  or  abforb  the  rays  that 
fall  upon  them  in  the  • and  fo  the 

sa7nc  propoiiion  between  the  abforbed  and 
reflefted  rays,  dr  -between  them  and  the 
whdle  quantity  of  light  thrown  on  the 
planet,  will  be  continually  preferved. 

But  what  if  fome  parts  of  the  pla- 
net’s furface  be  more  hardened  by 
drought,  or  foftened  by  wet,  as  on  our 
earth  ; or  be  in  any  other  refpe6t  more 
difpofed,  eithet  to  refle6f,  of  abforb  the 
Sun’s  rays  at  fome  times  than  at  others  : 

m ^ 

would  not  this  vary  the  proportion  you 
have  mentioned  ? ' 

• f 

AL  If  we  may  judge  of  this  from  our 
own  globe,  where  the  contrary  quali- 
ties of  drought  and  \vet,  hardnefs  and 
foftnefs,  fmoothnefs  and  roughnels  of 
Ibnrie  parts  of  its  furface,  fo  far  as  they 
refult  from  any  alterations  of  weather 
&c.  if  taken  upon  an  average  for  a whole 
year,  or  other  given  time,  and  through- 
out any  half  of  the  Earth’s  furface  ; they* 
will,  very  nearly,  if  not  exactly,  balance 

M each 


82  THE  YOUNG  GENTLEMAN  AND 

each  other.  The  fame  may  be  therefore 
fuppofed  to  hold  good  in  the  other  pla- ' 
netary  worlds ; and  fb  the  proportion 
before  mentioned  will  not  be  fenfibly 
altered. 

E.  You  have  quite  removed  my  diffi. 
culty,  brother ; and  I thank  you  for 
having  done  it.  But,  as  light  comes 
from  the  Sun  to  the  Earth  in  eight  mi- 
nutes of  tihae,  its  fwiftnefs  muft  be 
amazingly  great.  Let  me  try  whether 
I can  compnte  it  f for  you  taught  *me 
not  only  the  four,  common  rules  of  arith  • 
metic  before  you  went  to  the  univerfiDb 
but  even  the  rule  of  three.  The  Sun’s 
diflance  from  the  Earth  is  95  millions 
of  miles,  in  round  numbers ; and  light 
moves]  through  that  (pace  in  8 minutes 
of  time ; divide,  therefore,  95,OOOjOOO 
by  8,  and  the  quotient  is  11,875,000 
for  the  number  of  miles  that  light  moves 
- in  a minute.  Now,  I remember  that 
you  told  me  a cannon-ball  moves  at 
the  rate  of  480  miles  in  an  hour,  which 
is  S miles  in  a minute ; I therefore  di-  , 
vide  11,875,000  by '8,  and  the  quotient 

is 
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is  1,484,375  ; fo  that  light  moves  more 
than  a million  of  times  as  fwift  as  a 
cannon-ball. — Amazing  indeed  ! 

N,  It  is  fo  ; — And  now  I will  tell 
you  Ibmething  which  is  full  as  amaz* 
ing. 

£.  What  can  that  be  : do  you  mean 

the  power  of  the  Almighty  ? 

N.  Far  from  it  : I only  mean  the  im 

conceivable  fmallnefs  of  the  particles  of 
light.  ■ 

jE.  And  how  do  you  know  that  they  * 
are  fo  inconceivably  fmall  ? 

N,  The  force  with  which  a body 
ftrikes  any  obftacle  is  dirc611y  in  pro- 
portion  to  the  quantity  of  matter  in 
the  body,  multiplied  by  the  velocity 
with  which  it  moves.  ’And,  conse- 
quently, as  the  velocity  of  light  is,  in 
round  numbers,  a million  of  times  as 
great  as  the  velocity  of  a cannon-bullet ; 
if  a million  of  the  particles  of  light  were 
but  as  big  as  a common  grain  of  fand, 
we  could  no  more  keep  our  eyes  open 
to  bear  the  impulfe  of  light,  than  we 
• M 2 could 
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could  to  have  fand  fhot  point  blank 
againfl:  them  from  a great  cannon. 

Another  way  of  proving  that- the  par- 
ticles of  light  are  fo  fmall  as  to.  exceed 
all  human'  comprehenlion  is  this  a Let 
a lighted  candle  be  fet  on  the  top  of  .a 
fpire  fteeple,  in  the  night- time,’  and 
there  will  be  a very  large  fphcrical  Ipace 
filled  with  the  light  of  the  candle  before 
a grain  of  the  tallow  be"  confurhed ; and 
as  that  grain  of  tallow  is  divided  into 
fb  many  particles,  as  fill  all  the  fpac.e  in 
which  the  light  is  diffufed,  can  you 
pofiibly  imagine  how  fmall  the  partin 
cles  are  into  which  it  is  fb  divided  ? . 

jE.  Indeed  I can  form  no  idea  there- 

* A w < • 

of 

N,  A very  good  computift  has  found, 
that  the  particles  of  blood  of  thpfe  ani- 
mals which  can  only  be  feen  by  means 
of  a microfeope,  are  as  much  fmaller 
than  a globe  whofe  diameter  is  only-  a 
tenth  part  of  an  inch,  as  that  fmall 
globe  is  lefs  than  a whole  earth.  And 
yet,  .that  their  particles  of  blood  are  life 

mountains 
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mountains  to  a grain  of  fand,  when 
compared  with  the  particles  of  light. 

I am  glad  to  hear  our  brrakfaft- 
bell  : for,  if  I fliould  hear  mere  of  thefe 

fubje6ls  at  prefent,  I know  not  but  what 
I (hould,  for  fome  time,  lofe  the  power 
of  thinking. 

N.  I had  juft  done  v^ith  the  fubjeft 
of  light;  but  am  lorry  to  hear  that  you 
mult  go  from  home,  lor  a few  days,  on 
a viijt.  However;  during  your  'abfence, 
I intend  to  draxv  out  two  or  three  figures, 
in  order  to  deferibe  the  late  tranfit  of 
Venus  to  you  by  them  : and  give  you 

fome  idea  of  the^  method  by_  which  the 
diftances  of  the  planets  from  the  Sun 
were  found,  by  obfervations  made  oiU 
that  tranfit. 

E,  1 am  very  much  obliged  to  you^ 
Sir,  for  the  trouble  you  have  taken,  and 
are  to  take  further,,  on  my  account  : , and 
fhall  return  as  focn  as poffible: — You 
know  I could  not  refufe  Mifs  Goodairs 
invitation. 


-»♦  I 
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0?i  the  Transit  of  VENUS,  June  6lk 
- 1 76 1 ; and  how  the  distances  of  the 
PLANETS  fro7n  the  SUN  xvere  found 
thereby. 


Neander, 

Dear  sifter,  I am  very  glad  to  fee 
you  again  : I fiippofe  you  found  Mr.  and 

Mrs.  Goodatl^  and  their  daughters,  to  be 
very  agreeable  company, 

Eudosia,  G^ite  fo,  and  I have  fpent  three 
days  very  happily  with  them. 

* N.  It  is'  very  obliging  in  Mr.  Goodall 
and  Mifs  Sophy  to  fee  you  fafe  home. 

E,  They  would  do  it,  for  all  that  I 
could  fay : even  though  I told  them, 

that 
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that  the  fervant  who  was  fent  for  me 
was  very  careful. 

iV.  .Mr,  Goodall  and  I fpent  an  hour  to- 
V.  gethcr  laft  night : knd  though  he  was 

full  of  his  praifes  of  ^our  good  fenfe,  he 
did  not  fay  one  word  about  your  aftro- 
nomical  converfations  ; by  which,  I ima- 
gine, you  fpoke  nothing  about  them  in 
that"  family.  Yet  I am  far  from  doubt, 
ing,  that  it  would  have  been  very  agree- 
able if  you  had. 

£.  Truly,  brother,  if  I had,  you  muft 
have  heard  of  it:  and  then  I fhouldnot 

have  wondered  if  you  had  faid  that  I 
am  not  over-ftocked  with  good  fenfe.  I 
muft  know  thefe  things  better  before  I 
begin  to  fpeak  of  them  ; and  even  then, 
not  Xo  fpeak,  unlefs  I am  deftred  by 
thofe  to  whom  T think  the  fubjeft  will 
be  entertaining.  You  told  me,  the 
morning  I went  away,  that  our  next  ' 
converfation  fhould  be  on  the  tranftt  of 
Venus ; and  liow  the  diftances  of  the. 
planets  from  the  Sun  were  found  there- 
by. 


N*  And 
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'■.  .'.’iV.:  And-lo  fhe w ’ yoG  that' I have  not 
forgot  my  promife,  here- are  the  figures^ 
whi'eh  I told^  you  I Vv'ou'ld  draw  out  for 
that  porpofe.  {See  PLATE' II.  Fig.  ' 2; 
nyid-3\''  (incl  PLATE  III.  Fig^  i.]  But/ in 
thefe*  delineations,  we  mull  often  facri- 
fice  one -truth  to  explain  another:  and 

in  ithe  * prefent'  cafe  it  is  unavoidable; 
For,  if  we  I were  to  make  the  bulk^  of 
the. planets  in  our- figure  no  greater: than 
they  are  in  proportion  to  their  dihances' 
from  the.  Sun/  the  planets'  would  be  mere 
points;'  and  a large  fheet  of  paper  would 
be  too  frhall  for  the  lengths  of  the  lines 
of  diflances.  So  that,  in  order  to  make 
the  prefent  fubjecl  plain,  we  muff  en- 
large the  planets,  and  contrast  their  dif 
tances  from  the  Sun ; ' otherwife,  we  could 
not,  at  prefent,  render  the  effects  intel- 
ligible which  arife  from  fome  of  the 
planetary  motions. 

E.  Very  well,  brother  : please  to  pro- 

ceed. 

AL  The  diameter  of  the  Earfli  is  no' 
more  than  a point  in  companion' of  its' 
diitance  from  the  Sun  ; and  therefore,  if 

the 
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the  Sun  were  viewed,  at  the  fame  inftant, 
by  two  obfervers  on  oppofite  tides  of  the 
Earth,  his  center  would  appear  to  both 
‘ of  them  to  be  in  the  fame  point  of  the 
heavens.  But,  when  Venus  is  between 
the  Farth  and  the  Sun,  (as  fhe  Vv^as  at 
the  time  of  her  late  tranfit)  her  diftance 
from  the  Earth  is  between  three  and  four 
times  lefs  than  tlie  Sun's  diftance  from 
the  Earth.  And  therefore,  if  Venus  be 
then  viewed  by  two'  obfervers  on  the 
Earth,  who  are  at  a great  diftance  from 
one  another,  fhe  will  appear  to  each  of 
them,  at  the  fame  inftant,  to  be  on  dif- 
ferent parts  oi  the  Sun's  furface. — 1 hus 
in  2.  PLATE  II.  let  S be  the-  Sun, 

V Venus,  and  A B D E,  the  Earth.  Let 
one  obferver  be  at  A,  another  at  E,  and 
a third  at  D;  all  looking  at  Venus  at 
the  fame  moiiient  of  abfolute  time.  To 
the  obferver  at  y,  Venus  (F)  will  appear 
upon  the  Sun  at  F,  as  fhe  is  feen  in  the 
right  line  AV F : to  the  obferver  at 
fhe  will  appear  upon  the  Sun  at  G,  being 
feen  by  him  in  the  right  line  BF  G • and 
to  the  obferver  at  Venus  will  appear 

N • upon 
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upon  the  Sun  at  Hy  becaufe  he  fees  the 
planet  in  the  right  line  DVH.  Or,  if 
you  will  fuppofe  Venus  to  be  at  reft  at 
during  the  time  that  the  obferver  at  A 
is  cajried,  by  the  Earth’s  motion  on  its 
axis,  from  A to  Z),  through  the  arc  A B D ; 
"tis  plain,  that,  to  this  obferver,  the  pla- 
net V will  appear  to  have  moved  on  the 
Sun  from  F to  ZT,  through  the  fpace 
FGII. 

Let  us  now  fuppofe,  that  the  Earth 
abde  (Fig-  5.)  is  nearer  the  Sun  s than 
is  reprefented  in  Fig.  in  which  cale, 
Venus  will  be  proportionably  nearer 
the 'Earth;  and  the  arc  a b d,  through 
which  the  obferver  is  carried,  will  bear 
a greater  proportion  to  the  diftance  of 
Venus  V from  the  Earth,  in  Fig  3,  than 
the  fame  arc  A B D (in  Fig.  2.)  bears  to 
the  diftance  of  Venus  V from  the  Earth. 
So  that,  if  one  obferver  fhould  be  placed 
, at  tf,  another  at  and  a third  at  the 
obferver  at  a would  fee  Venus  on  the 
Sun  at  the  obferver  at  b would  fee  her 
on  the  Sun  at  g^  and  the  obferver  at^uf 
would  fee  her  on  the  Sun  at  all  at  the 

fame 
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fame  inftant  of  time.  Or,  if  Venus 
kept  at  reft  at  v.  whilft  the  observer  at 
a was  carried  from  a \o  d hy  the  Earth’s 
motion , Venus  would,  in  that  time, 
appear  to  him  to  have  moved  from  fto 
h on  the  Sun.  But  the  ipace  f'g  h in 
Fig,  3.  is  longer  tl\an  the  fpace  F G II 
in  Fig.  2.  and  therefore,  the  nearer  the 
Earth  is  to  the  Sun,  the  greater  will  the 
fpace  be  through  which  Venus  appears 
to  move  upon  the  Sun,  by  the  oblerver’s 
real  motion  along  with  the  Earth,  in  any 
given  time  : and  the  farther  the  Earth  is 
from  the  Sun,  the  lefs  will  the  fpace  be 
through  which  Venus  appears  to  move 
upon  the  Sun,  by  the  obferver’s  real  mo- 
tion, in  the  fame 'time. 

* # 

And,  confequently,  as  Venus  is  really 
moving  on  in  her  orbit,  in  the  direclion 
of  TVlFj  (in  Fig.  2.) or  t v w (in  Fig.  3.) 
whilft  the  obferver-  is  carried  by  the 
Earth’s  motion  on  its  axis  from  A to  7), 
or  from  ^ to  d;  his  plain,  that'  Venus 
will  appear  to  move  fboncr  over  the  Sun, 

' if  the  Earth’s  diftance  from  the  Sun  be 
only  ^ (as  in  Fig.  '3.  ) than  if  it 

N 2 be 
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be  BVS^  (as  in  Fig.  2. ) So  that,  the  whole 
duration  of  her  tranfit  over  the  Sun  nnuft 
be  fhorter,  if  the  Earth’s  cliftance  from 
the  Sun  be  only  bv  Sy  than  if  it  be  greater, 
zs  B V S. — Do  you  underfland  this,  Fai- 
dosia  ^ 

E,  I think  it  fo  plain,  that  any  body 

i 

might  underhand  it. 

N.  Then,  we  have  done  with  thcfe 
figures,  and  (hall  proceed  to  Fig.  1.  of 
PLATE  III.  in  which,  let  a b c d be  the 
Earth,  F Venus,  and  S the  Sun.  The 
Earth  turns  eahward  on  its  axis,  in  the 
diredlion  abed:  and  Venus  moves  in  her 
orbit  in  the  diredlion  E V c. 

Now,  fuppofe  the  Earth  to  be  tranf* 
parent  like  glafs,  and  that  you  were 
placed  at  its  center  C,  and  kept  looking 
at  the  Sun  6',  during  the  time  in  which 
Venus  moves  in  l:er  orbit  from  F to  /, 
through  the  fpace  F G V gf : in  this  cafe, 
the  Earth’s  motion  on  its  axis  could  have 
no  efire61:  on  your  pofition,  bccaufe  it 
could  not  carry  you  any  v/ay  ' from  C. 
Then,  v;hen  VenUs  was  at  F in  her  or- 
bit, fbe  would  appear  to  you  as  at  K 

juft 
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juft  within  the  Sun’s  furface,  touching 
his  caftern  edge  at/i;  that  is,  at  her 
' firfl  internal  Gontact  with  the  Sun’s 
eaftern  edge.  As  fhe  moves  on,  from 
F to  / in  her  orbit,  fhe  would  appear  to 
you  to  move  on  the  Sun,  from  A"  to  A, 
in  the  line  K k A,  which  is  called  the  Line 
of  her  transit  over  the  Sun,  And  when  fhe 
was  at  / in  her  orbit,  flie  would  appear 
at  A oh  > the  Sun,  juft  beginning  to  leave 
his  weftern  edge,  or  at  her  daft  internal 
conta^l  with  the  Sun.  ISow,  pleafe  to 

I 

remember,  that  if  Venus  could  be  feen 
from  the  Earth’s  center  C,  fhe  would 
move  from  F to  f‘  in  her  orbit,  in  the 
time  that  fhe  would  appear  to  move  from 
K to  A on  the  Sun  ; or  from  her  fiift  in- 
ternal conta6t  to  her  laft 

A.  A bare  infpe6tion  of  the  figure 
fliews  it : for,  when  Venus  'is  at  A in  her 
orbit;  ftie  would  appear  juft  within  the 
Sun  at  K i becaufe  then,  as  viewed  from 

I 

the  earth’s  center  C,  fhe  would  be  feen 
in  the  ftraight  line  C F K ; and  when  fhe 
came  to  f in  her  orbit,  fhe  would  feem 
juft  beginning  to  leave  the  Sun  at  L, 

becaufe 
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becaufe  flie  \tould  be  feen  in  the  flraight  - 
line  C f L. 

N,  Very  well. Now  let  us  fuppofe 

that  an  obfervcr  is  placed  on  the  FartlTs 
furface  at  and  that  he  is  carried  from 
a to  by  the  Earth’s  motion  on  its  axis, 
in  the  time  that  Venus  moves  in  her  or- 
bit from  F to  /. 

When  Venus  is  at  fhe  appears  at  K 
on  the  Sun,  as  feen  from  the  earth’s  cen- 
ter C ; but  to  tlie  ob fervor  at  c fhe  will 
not  appear  to  be  then  entered  upon  the 
Sun  ; becaufe  (if  flie  were  then  vihble  in 
the  fky)  fhe  would  be  feen.  in  the  line 
A F JI^  eaftward  from  the  Sun ; and  muft 
move  on  from  T’  to  G in  her  orbit,  be- 
fore the  obferver  at  a can  fee  her  on  the 
Sun  at  A",  in  the  right  line  a G K.  So  that 
Iier.  tranht  will  begin  as  much  later  to 
the  obferver  at  ^7,  than  it  docs  to  the  ob- 
ferver at  C,  as  fhe  is  in  moving  from  F 
to  G in  her  orbit. 

t 

When  Venus  comes  to  g in  her  orbit, 
the  obferver  will  be  carried  by  the  Earth’s 
motion  from  a to  b;  and  then  he 
will  fee  her  in  the  line  e/ A,  jufl  begin- 

ning 
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ning  to  leave  the  Sun  at  L ; but  flie  mull; 
move  on  from  g to  f in  her  orbit,  before 
fire  begins  to  leave  the  Sun  at  L,  as  feen 
from  the  Earth's  center  C,  in  the  right 
(or  flraight)  line  C f Ly  and  then,  to  the 
obferver  at  flie  will  appear  quite  clear 
of  the  Sun  to  the  weft,  in  the  line  / /. 
So  that  the  whole  duration  of  the  tran- 
fit  from  K to  £ on  the  Sun,  will  be 
fhorter,  as  feen  by  the  obferver  in  mo- 
tion  from  a to  c,  than  as  feen  by  the 
(fuppofecl)  obferver  at  reft  at  the  Earth's 
center  C.  For,  to  the  former,  fhe  will 
move  only  from  G to  g in  her  orbit,  dur- 
ing the  time  fhe  appears  to  move,  from 
K to  L on  the  Sun  • whereas,  to  the  latter, 
fhe  muft  mo\)e  from  to /in  her  orbit, 
in  the  time  fhe  appears  to  pa fs  over  the 
Sun  from  K to  L, 

The  nearer  the  Earth  is  to  the  Sun,  the 
greater  will  the  difference  of  the  dura- 
tions  of  the  tranlit  be  from  K to  L on 
the  Sun,  as  feen  from  the  Earth's  furface 
and  from  its  center  : and  the  farther  the 
Earth  is  from  the  Sun,  the  lefs  wdll  the 
difference  betw^een  the  durations  of  the 

» trail  fit 
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tranfit  be,  as  feen  from  the  Earth’s  fur- 
face  and- from  its  center,  accordingly.^ 

E.  ' Certainly  lb,  by  what  you  already 
told  me  in  yc\ur  explanation  of  the  fecond 
and  third  figures  of  the  fecond  Plate. 
For,  the  nearer  the  Earth  is  to  the  Sun, 
the  nearer  alfo,  in  proportion,  it  muff  be 
' to  Venus;  and  the  farther  it  is  from  the 
Sun,  the  farther  alfo  it  muft  be  from  . 
Venu.  So  that  tlie  fpace  through  which 
the  obferver  is  carried  by  the  Earth’s  mo- 
tion, from  a to  (PLATE  III  Fig.  1.)  will 
bear  a greater  proportion  to  the  diftance 
of  Venus'  from  the  Earth  in  the  former 

/ 

cafe  than  in  the  latter  : and  fo,  will  affe6l 
the  times  of  duration  of  the  tranfit,  as 
feen  from  the  Earth’s  center  and  from 

its  furface,  accordingly. But  I fhouid 

be  glad  to  know,  why  you  fuppofe  an 
obferver  to  be  placed  at  the  Earth’s  cen- 
ter, as  it  is  a thing  impoffible  to  be  done  : 
and  if  he  was  there,  he  could  neither  fee 
the  Sun  or  Venus. 

Af  Becaufe  the  motions  of  the  planets 

are  calculated  in  the  aftronomical  tables, 

as  if  feen  by  an  obferver  at  reft.  And, 

as 
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as  the  apparent  breadth  of  the  Sun  is 
known,  and  the  time  of  Venus’s  going 
round  the  Sun  is  alfo  known  ; the  time 
of  her  appearing  to  move  through  a 
fpace  equal  to  the  Sun’s  breadth,  as  feen 
by  an  obferver  at  reft  is  ealily  calculat- 
ed, and  is  the  fame  as  would  be  obfer- 
ed  by  a perlbn  placed  at  reft,  af  the  cen- 
ter of  the  Earth.  And  then,  at  all  kinds 
of  diftance  of  the  Earth  from  the  Sun,  it 
isealy  to  calculate  how  much  the  dura- 
tion  of  the  tranftt  would  be  fhortened  by 
the  motion  of  an  obferver  on  the  Earth’s 
furface,  on  the  ftde  of  the  Earth  next  to 
Venus,  and  who  is  then  moving  in  a 
contrary  direction  to  the  motion  of  Ve- 
nus in  her  orbit,  that  the  duration  of 
the  tranftt  would  be  to  an  obferver  at  the 
Earth’s  center,  or  even  on  its  furface  if 
the  Earth  had  no  motion  on  its  axis  ; in 
which  cafe,  the  obferver  on  the  furface 
would  be  at  reft.  But  as  that  obferver 
is  really  in  motion  with  the  Earth,  when 
the  duration  of  the  tranftt  is  obferved  by 
him,  and,  confequently,  known  how 
much  fhorter  it  appeared  to  him,  than 

O it 
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it  would  have  done  if  he  had  been  at 
reft;  the  diftance  of  the  Earth  from  the 
Sun  may  thereby  be  found  : which,  as  I 
told  you  already,  is  thereupon  computed  to 
be  95,1.73,000  Englifh  miles. 

E,  The  diftance  of  the  Earth  from  the 
Sun,  in  miles,  being  known;  1 fhould 
be  glad  to  know  how  you  find  the  dif 
tance  of  all  the  other  planets  froni  the 
Sun.  For  we  cannot  fend  people  from 
the  Earth  to  thpfe  planets  to  obferve 
trairftts. 

.V.  I told  you  alreadv,  in.  our  fccond 
dialogue,  that  the  relative  or  compara- 
tive diftances  of  all  the  planets  from  the 
Sun  are  known  long  ago,  both  by  the 
ftated  laws  of  nature,  and  by  obfervation  ; 
and  they  are  as  follow  : 

If  we  fuppofe  the  Earth’s  diftance  from 
the  Sun  to  be  divided  into  1 00,000) 
equal  parts,  (let  thefe  parts  contain-  how 
many  miles  they  will)  Mercury’s  diftance 
from  the  Sun  mu  ft  be  equal  to  38,710 
of  thefe  parts;  Venus’s  diftance,  72,333  ; 

Mars’s  diftance,  152,-3(59;  Jupiter’s  diftance 
520,09(3;  and  Saturn’s  diftance,  954,00^. 

Now, 
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Now,  as  tiie  number  of  miles  is  in 
proportion  to  the  number  of  parts,  and 
the  100,000  parts  by  which  the  Earth  is 
diftant  from  the  Sun  contain  05,173,000 
miles;  we  fay,  by  the  rule  of  three, 
as  100,000  parts  are  to  173,000 
miles;  fb  are  38,710,  Mercury's  diftance 
fiom  the  Sun  in  parts,  to  Sb.SLlj^GS, 
his  diftance  from  the  Sun  in  miles.  So 
are  7^,333,  Venus’s  diftance  from  the 
Sun  in  parts,  to  08,891,48^,  her  dif- 
tance  from  the  Sun  in  miles*  . So  like- 
wile  are  152,3^9,  Mars’s,  diftance  from 
the  Sun  in  parts,  ,to  145,014,148,  his 
diftance  from  the  Sun  in  miles.  And 
fo  are  520,096,  Jupiter’s  diftance  from 
the  Sun  in  parts,  to  494,990,976,  his 
diftance  from  the  Sun  in*  miles.  And 
laftly,  (carrying  ^on  the  proportions^)  fo 
are  954,006,  Saturn’s  diftance  from  the 
Sun  in  parts,  to  907,956,130,  his  diftance 
from  the  Sun  in  miles. 

E.  I thank  you,  brother,  for  having 
explained  the  whole  of  this  matter  fo. 
much  to  my  fatisfa61it)n.  But  I have 
heard  that  the  late  tranlit  w^as  obferved 

0 2 by 
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by  people  at  very  difFere  nt  parts  of  the 

Earth. Pray  did  you  find  that  all  the 

obfervations  (as  you  got  accounts  of 
them)  agreed  lb  well,  as  to  give  all  the 
fame  conclulion  ? 

N.  I cannot  fay  they  did  fo  nearly 
as  we  could  wifh ; which  might  have 
been  owing  to  two  caufes.  Pirft,  that 
the  differences  of  longitude  (as  it  is 
called)  between  many  places  where  thofe 
obfervations  were  made,  are  not  yet 
well  afcertained : and  fecondly,  that  all 
the  obfervers  did  not  ufe  telefcopes  of 
an  equal  magnifying  power,  which  they 
fhould  have  agreed  to  do  before-hand. 
And  undoubtedly,  they  who  ufed  the 
higheft  magnifying  telefcopes,  * could 
more  accurately  'determine  the  infant 
of  Venus’s  two  internal  conta61s  with 
the  Sun,  than  thofe  could  who  ufed 
fmaller  magnifying  telefcopes.  But  *tis  ' 
to  be  hoped,  that  all  proper  care  will  be 
taken  in  obferving  the  tranlit  on  the 
3d  of  June  17G9.  And  Afronomers  will 
do  well  to  make  tfie  moft  and  heft  of  it 

tliey 
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they  can  ; as  there  will  not  be  another 
tranfit  in  lefs  than  105  vears  afterward. 

E,  How  can  that  be  ?--^For  as  the  Earth 
goes  round  the  fun  in  a year,  and  Ve- 
nus in  225  days;  I fhould  think,  that 
Venus  would  pafs  between  the  Earth  and 
the  Sun  once  every  two  years  at  mofl. 

• N*  So  fhe  would,  once  in  every  5 84  days, 
if  her  orbit  lay  ,in  the  fame  plane  with 
the'  Earth’s  orbit,  like  one  circle  made 
within  another  on  a flat  paper.  But  one 
half  of  Venus’s  orbit  lies  on  the  North 
flide  of  the  plane  of  the  Earth’s  orbit  ; 
and  the  other  hdlf  on  the  fouth  fide  of 
it : fo  that  her  orbit  only  , croifes  the 

Earth’s  orbit  in  two  oppolite  points. 

And,  therefore,  Venus  can  only  pafs  di- 
re611y  between  tlie  Earth  and  the  Sun, 
when,  at  the  times  of  her  conjun^lion^ 
with  the  Sun,  fhe  is  either  ii;i  or  near 
one  or  other  of  thofe  points.  At  all 
other  times,  fhe  either  palfes  above  or- 
below  the  Sun,  and  is  then  invifible,  on 
account  of  her  dark  fide  beina:  toward 

I ^ 

the  Earth.  But  its  being  fo  alfo,  at  the 

time 
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time  of  her  late  tranfit,  made  her  very 
confpicLious  on  the  Stin,  like  a black 
patch  on  a circular  piece  of  white  paper. 
At  her  lad:  tranfit,  fhe.  paffed  below  the 
Sun’s  center,  about  a third  part  of  the 
Sun’s  breadth  : and  at  her  next,  fhe  will 
pals  as  far  above  it. 

£.  I underhand  this  thoroughly.-  -But, 
I think,  there  are  fome  lines  in  the  figure 
(PLATE  III.  1.)  which  you  have  not 
yet  explained. 

N-  Then,  fhew  me  them,  and  I will. 

E*  They  are  the  lines  AT  E K and  neE 

N-  True  : I had  almofl  forgot  them. 
Suppofe  an  obferver  at  N,  on  the  fide 
of  the  Earth  farthefl  from  Venus,  to  be 
carried  from  N to  ?i  in  the  fame  direc- 
tion with  Venus’s  motion  in  her  orbit 
from  E to  e,  in  the  fame  time  that  an 

I 

obferver  at  a is  carried  from  a to  in  a 
contrary  dire6lion  to  the  motion  of  Ve- 
nus in  her  orbit  : the  duration  of  the 

tranfit  will  be  longer,  as  feen  by  the  ob-  ■ 
ferver  who  is  carried  from  N to  ??,  than 
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it  would  be  ‘ to  an  obfervet  -at  arthe 
' Earth’s  center  C.  For,  when  Venus  is 
in  her  orbit  JiX  E,  (he  will  appear  upon 
the  Sun  at  Ky  as'  feen  from  ‘N  in  the 
right  line  NEK;  but  fhe  muft  go  on 
from/!]  to  before  fibe  canbeTeeti’  from 
C,  upon  the  Sun  in  the  right  line  C F K : 
and  as  feen  from  C,  in  the  right  line  C f 
fhe' will  appear  as  juft  beginning  to  leave 
the-'Sun  at  Z,when  fhe  is  aty'in  her  orbit. 
But  fhe  mufl  move  oii  "from  / to  e,  be- 
fore fhe  can  appear  as  beginning  to  leave 
the  Sun,  when  feen  by  tlie  obferver  at 
who  is  carried  from  N to  ?i  by  the  Earth’^ 
motion  on  its  axis,  in  the  time  of  Venus’s 
moving  from  E to  in  her  orbit.  So  that 
the  vilible  duration  of  the  tranfit  will  be 
longer  as  feen  by  the  obferver  who  is  carri- 
ed from  N to  ?i,  than  it  would  be  to  an  ob- 
ferver at  reft ; and  fhorter,  as  feen  b^  an 
obferver  who  is  carried  from  a to  I?.  And 
the  difference  between  thefe  vilible  durati- 

I 

ons  will  be  of  greater  advantage  towards 
finding  the  Earth’s  diftance  from  the  Sun, 
than  what  could  be  gained  only  fromobier- 
vations  made  on  the  ftde  of  the  Earth 
which  is  neareft  to  Venus,  during  the  time 
of  her  tranftt, 


E.  Prav, 
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E-  Pray,  who  was  it  that  firft  thought 
of  this  method  of  finding  the  diftances  of 
the  planets  from  the  f?:n  ? I imagine  he  mufl 
have  been  a very  great  aftronomer. 

i\r.  He  was  fo  indeed : the  man  who  fird 
propofed  this  method  was  the  great  Do6lor 
HALLEY.  And  as  he  was  morally  certain, 
that,  according  to  the  common  courfe  of 
nature,  he  could  not  live  to  fee  that  tranlit; 
he  moil  earneftly  recommended  it  to  future 
adronomers,  that  they  might  obferve  it 
when  he  was  dead.  And,  in  order  to  fur- 
nifh  them  with  proper  information,  he 
gave  in  a paper  on  the  fubje£t  to  the  Royal 
Society  ; which  paper  was  foon  after  pub- 
lifhed  in  the  Philofbphical  tranfa6lions. 
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Onlhi  method  of  finding $he  LATITUDES  and  LO'NGITUDE^^ 

of  PLACES. 


Neander* 


Good  -morrow,  lifter ^you  have  been 
later  than  ufual  of  coming  this  morning* 
—What's  the  matter?  You  look  pale. 

Eudosia,  I was  taken  ill  laft  night  about 
twelve,  of  an  afthraa,  which  frightened 
me,  as  I never  was  fo  before  5 and  kept 
me  awake  till  five  o'clock  this  morning. 
Then  it  left  me,  and  I fell  afleep,  and 
have  quite  over-flept  my  time;  for  now 
it  is  eight  o’clock. 

P 


N.  Why 


106  THE  YOUNG  GENTLEMAN  AND 


N.  Why  did  you  not  ring  your  bell, 
in  order  that  fomething  might  have  been 
brought  to  relieve  you  : efpecially  as  you 
know  that  our  mother  (among  many  other 
good  medicines)  always  keeps  an  ele6tuary 
of  honey,  powder  of  liquorice,  of  elecam- 
pane, feeds  of  anife,  and  flowers  of  fulphur ; 
which  is  exceeding  good  for  that  diforder, 
and  has  cured  many  of  it.  , 

E.  1 was  lotli  to  furprife  any  body  in 
the  night,  efpecially  as  the  allhma  did  not 
continue  long  violent. — I raifed  my  head 
a good  deal ; fo  it  left  me  gradually  ; and 
iiaw  I feel  nothing  of  it. 

N.  T am  very  glad  of  that — But  I think 
it  would  be  quite  wrong  to  enter  upon  any 
fuch  fubject  this  morning,  as  we  have  al- 
ready been  about.  And  therefore,  I hope 
you  do  not  come  now  with  any  fuch  in- 
tention. 

E-  Indeed  I do,  if  it  were  but  to  , take 
off  my  drowfinefs  ; and  1 feel  no  other  ail- 
ment at  prefent. 

N.  Well  then ; — with  what  fubject  fhall 
I entertain  you  this  morning  ? 


E,  I 
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E,  I heard  you  yefterday,  for  the  fiiii: 
time,  mention  the  Longitude  of  places.  But 
as  I fcarce  know  what  either  Longitude  or 
iMtitude  means,  I fliould  be  glad  to  know : 
efpedally  as  we  have  heard  fo  much  lately 
about  the  finding  the  Longitude,  And 
as  I never  heard  of  any  difficulty  about 
finding  the  Latitude,  I imagine  the . 
latter  is  much  more  eaQly  found  than  the 
former. 

iV.  It  is  fo  indeed,  fider. 

£.  What  is  the  reafon  of  that  ? But 

I believe  my  quedion  is  premature  : for 
I fhould  have  aiked  firft  what  thofe  terms 
mean  ? 

N.  Right,  Eudosia;  and  now  I will  in- 
form you. Every  circle^  be  it  great  or 

final  1,  is  divided  (or  fuppofed  to  be  di- 
vided) into  3t>()  equal  parts,  called  ' 
grees.  • Now,  if  we  take  a great  circle 
round  the  Earth,  which  divides  the  Earth 
into  two  equal  parts,  every  degree  of  that 
circle  contains  69^  Englifh  miles  ; as  is  the 
cale  with  the  degrees  of  the  equator,  and 
nearly  fo  with  thofe  of  a.  great  circle  taken 
. ' P 2 round 
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round  the  Earth,  through  the  poles. 

The  Ldtiiude  of  a place  is  the  number 
of  degrees  that  the  place  is  from  the 
Equator,  towards  the  North  or  South 
pole : and  is  denominated  North  or  South,  ' 
as  the  given  place  is  on  the  North  or 

South  fide  of  the  Equator. Thus  in 

’ the  little  globe,  (Fig,  J.  of  PLATE  I.)  all 
the  places  in  the  northern  hemifphere, 
frorn  every  point  of  the  equator  to  the 
North  pole,  have  North  Latitude:  and 
all  the  places  from  every  point  of  the 

:i 

equator  to  the  South  pole  have  South 
Latitude.  As  the  poles  are  the  far  theft 
points  of  the  Earth  from  the  equator,  they 
have  the  greateft  Latitude;  which  is  90  de- 
grees, or  a fourth  part  of  360,  the  whole 
circumference  of  the  globe, 

The  North  and  South  points  or  poles 
of  the  Heaven  are  directly  over  the 
North  and  South  poles  of  the  Earth. — 
And  therefore,  as  the  Earth  turns  round 
its  axis,  which  terrhinates  in  its  North 
and  South  poles,  every  point  of  its  fur- 
face  is  carried  round  in  2L  hours,  ex- 
cept 
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cept  its  poles,  which  are  at  reft.' y This 
motion  of  the  Earth  will  cause  an  ap- 
parent motion  of  every  point  of  the  hea- 
ven, in  a dire61:ion  contrary  to -the  Earth’s 
motion,  excepting  its  poles,  which  appear 
always  at  reft;  becaule  they  are  directly 
over  the  poles  of  the  Earth,  which  are  at 
reft. 

E.  May  I put  in  a word  juft  now,  be- 
fore you  proceed  farther  ^ , 

N,  Why  not  ? 

E.  I ftiould  think  that  the  poles  of  the 
Heaven  would  change  among  the  ftars,  on 
account  of  the  Earth’s  motion  round  the 
Sun  in  a year.  For,  undoubtedly,  if  the 
Earth’s  axis  (or  line  on  which  it  turns 
round  every  24  hours)  were  produced  to 
the  Heaven,  it  would  describe  a circle 
therein,  equal  in  diameter  to  that  of  its 
whole  orbit ; which  you  have  already  told 
me  is  190  millions  of  miles. ' 

' N.  And  fo  it  does. — But  if  it  ftiould, 
by  its  track,  make  as  dark  a circle  in  the 
Heaven,  as  can  be  made  with  ink  by  a 
pair  of  compalfes  on  paper ; the  dif- 

tance 
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tance  of  the  ftarry  Heaven  is  lb  great  from 
us,  that  a circle  therein  of  190  millions 
of  miles  in  diameter,  would  not  appear  lb 
big  to  us  as  the  fmalicil:  dott  you  can  polTi- 
bly  make  with  a fine  pen  upon  paper. — 
"Which  fhews,  that  if  the  Earth  were  as 
big  as  would  fill  its  whole  orbit,  it  would 
appear  no  bigger  than  a dimenfionleis  point, 
if  feen  from  the  fiars.  For,  notwithftand- 
ing  the  Earth’s conftantly  changing  its  place 
in  its  orbit,  the  poles  of  the  Heaven  could 
never  be  perceived  to  change  Their  places 
a fingle  vifible  point,  even  when  obferved 
with  the  nicefl  inftruments.  And  therefore, 
we  always  confider  the  poles  of  the  Heaven 
to  be  fixed  points ; and  to  keep  conflantly 
jufl  over  the  poles  of  the  Earth. 

£•  You  have  fatisfied  me  entirely  on 
this  head  ; and,  at  the  fame  time,  con- 
vinced me,  that  the  diftance  of  the  fiars 
mufi  be  inconceivably  great.  Now,  pleafe 
to  proceed. 

N.  Now,  let  us  fuppofe  a great  circle 
to  be  drawn  round  the  Heaven,  through 

its 
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its  North  and  South  poles,  and  to  be  di- 
vided into.SGO  degrees,  like  a circle  drawn 
round  the  Earth  through  its  North  and 
South  poles. 

As  the  Earth  is  but  a point  in  compari- 
fon  to  the  diftaiice  of  the  ftarry  Heaven  ; 
let  us  be  on  what  part  of  the  Earth  we  will, 
we  fee  juft  one  half  of  the  Heaven,  if  the  ' 
horizon  or  limit  of  our  view  all  around  be 
not  intercepted  by  hills.  And  as  the  poles 
of  the  Eleaven  aredireftly  over  the  poles  of 
the  Earth  ; fo  the  equino6lial  in  the  Heaven 
is  dire6\ly  over  the  Earth’s  . equator,  all 
around. 

Now,  as  the  Earth*  is  round,  and  the 
Heaven  appears  to  us  to  be  round  like  the 
concave  furface  of  a great  fphere  or  hol- 
low globe  ; ’tis  plain,  that  if  we  were  at 
the  Earth’s  equator,  the  equinoctial  in’ 
the  Heaven  would  be  over  our  heads;  and 
the  North  and  South  points,  or  poles-  of  - 
the  Heaven,  would  appear  to  be  in  the 
North  and  South  points  of  our  horizon, 
or  limit  of  view.  But  if  we  go  one 
degree  from^  the  equator  towards  ei- 

' ther 
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ther  the  North  or  South  pole  of  the 
Earth,  the  like  pole  of  the  Heaven  would 
appear  to  be  one  degree  elevated  above 
our  horizon,  because  we  would  fee  a 
degree  of  the  Heaven  below  it;  and  the 
contrary  pole  of  the  Heaven  would  be 
one  degree  hid  below  the  limit  of  our 
' view. — If  we  go  two  degrees  from  the 
equator,  the  pole  will  appear  to  be  two 
^ degrees  elevated  above  our  horizon ; and 
fo  on,  till  we  go  to  cither  of  the  Earth’s 
poles,  90  degrees  from  the  equator ; 
and  then,  the  like  part  of  the  Heaven 
would  be  juft  over  our  head,  or  90  de- 
grees above  our  horizon ; -which  is  the 
greateft  elevation  it  can  have,  as  feen 
from  any  part  of  the  Earth.  And  as 
the  number  of  degrees  we  are  from  the 
Earth’s  equator  is  called  our  Latitude,  fo . 
the  number  of  degrees  of  the  elevation 
of  the  celeftial  pole  is  equal  thereto.  At 
London  the  North  pole  of  the  Heaven  is 
elevated  51^  degrees  above  the  horizon  ; 
which  fhews,  that  London  has  de- 
grees of  North  Latitude  from  the  equa- 
tor. And  as  Latitude  begins  at  the 

equator 
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equator,  the  places  thereon  have  no  LatL 
tude  at  all. 

E,  But  how  can  you  tell  by  what  num^ 
ber  of  degrees  the  pole  is  elevated  ? for 
there  is  no  vifible  circle  in  the  Heaven 
divided  into  degrees,  to  reckon  by. 

N,  But  we  have  an  inftrument  called 
a G^uadrant,  which  is  a quarter  of  a 
circle,  drav/n  on  a plate  of  metal,  and 
dvided  into  .90  degrees ; and  it  has  a 
plumb  line  with  a weight  hanging  from 
its  center,’  which  line  always  hangs  to- 
ward the  Earth’s  center,-  when  ' allowed 
to  hang  freely.  And  if  we  look  at  the 
pole  along  one  of  the  flraight  edges  of 
the  quadrant,  the  other  edge  will  be  as 
many  degrees  from  the  plumb  lifie,  as 
are  equal  to  the  number  of  degrees  of  the 
pole’s  elevation  above  the  horizon  of  our 
place. — And,  by  that  'means,  the  elevati- 
on of  the  pole,  and  confequently  the  lati- 
tude of  the  place,  is  known. 

E,  Is  there  a , dar  fixed  exactly  in  the 
North  pole,  by  which  means  you  can  know 
by  light  where  that  pole  is? 

N,  No; 
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^ N.  No;  but  there  is  a ftar  of  the  fe- 
cond  magnitude,  about  two  degrees  from 
the  North  pole,  and  it  is  called  the  Pole  star. 
And  as  the  Earth’s  motion  on  its  axis 
caufeth  an  apparent  motion  of  all  the 
ftars  round  the  poles  of  the  Heaven  : the 

pole  ftar  appears  to  us  to  deferibe  a cir- 
cle of  four  degrees  diameter,  round  the 
pole  itfelf,  every  24  hours.  And  there- 
fore, if  we  fubtra6l  two  degrees  from 
the  greateft  obftrved  height  of  the  pole 
liar,  or  add  two  degrees  to  the  leaft  oh- 
ferved  height  tliereof,  the  refult  gives 
the  elevation  of  the  pole  at  the  place  of 
obfervation. 

As  the  North  pole  is  elevated  5 de- 
grees above  the  horizon  of  London  ; all 
thoie  flars  which  are  within  51^of  that 
pole  never,  fet  below  the  horizon  of  Lon. 
don.  And  therefore,  if  the  greatefi:  and 
leaft  altitudes  of  any  of  thefe  ftars  be 
^ taken  with  a quadrant,  half  the  diffe* 
.r^ce  of  thefe  altitudes  being  added  to 
the  leaft,  or  fubtra6led  from  the  great - 
eft,  gives  the  elevation-of  the  pole  above 
the  horizon. 


/ 
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And  thus,  we  can.  very  eafily  and  ac- 
curately find  the  Latitude  of  any  place, 
by  means  of  any  ftar  which  never  fets 
below  the  horizon  of  that  place. 

The  Latitude'  of  any  place  may  alfo 
be  found  by  the  Sun’s  altitude  at  noon, 
on  any  day  of  the  year,  quite  indepen- 
dent of  the  ftars. — I will  firft  endeavour 
to  fhew  you  the  r^afon  of  this,  and  then 

fhew  YOU  the  method. 

- 0 

, The  Equino61ial  in  the  Heaven  is  di- 
redlly  over  the  Equator  on  the  Earth. 
And  juft  as  many  degrees  as  the  Latitude 
of  any  given  place  is  from  the  Equator, 
fo  many  degrees  is  the  point  of  the 
Heaven,  which  is  over  the  place,  from 
the  Equino61ial.  Confequently,  if  we  can 
find  how  many  degrees  the  point  of  the 
Heaven,  which  is  dire611y  over  our  place, 
is  from  the  Equino61ial,  we  thereby  find 
how  many  degrees  our  place  is  from 
the  Equator ; or  our  Latitude. 

The  Sun  is  in  the  Equino61ial  twice 
every  year ; namely,  on  the  i^Oth  of 
March,  and  23d  of  September ; and  then 
he  is  dire^Uy  over  the  Earth’s  Equator. 

2 ^ From 
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From  the  l^Oth  of  March  to  the  23d  of 
September,  the  Sim  is  on  the  North-iide 
of  the  Equino6Hal,  and  from  the  23d  of 
September  -to  the  20th  of  March,  he  is 
on  the  South-lide  of  it.  The  number  of 
degrees  that,  the  Sun  is  from  the  Equi- 
nodlial,  on  any  day  of  the  year,  is  called 

the  Suns  Declination  for  that  dav:  and  is 

< • » 

denominated  North  or  Smithy  as  the  Sun 
is  on  the  North  or  South  fide' of  the  -Equi- 

noclial. So  that.  Declination  in  the 

Heaven  is  the  fame  as  Latitude  on  the 
Earth. 

There  are  tables,  ready  calculated, 
which  fiiew  what  the  Sun’s  declination 
is,  at  the  noon  of  every  day  of  the  year ; 
as  it  is  North  or  South  on  that  dav. — And 

\ ‘ m 

the  point  of  the  Fleaven,  which  is  direct- 
ly over  any  place,  is  90  degrees  above 
the  horizon  of  that  place.’ 

Now,  to  find  the  Latitude  of  the  place^ 
fts  fuppofe  London,  which  is  on  the 
North  fide  of  the  Equator : oblerve  the 

, j.  ^ 

Sun’s  altitude  at  noon,  by  means  of  a 
quadrant,  on  any  day  of  the  year  : and 

then,  if,  by  the  tables,  you  find  the 

Sun’s 
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Sun’s  declination  to  be  North  on  thajt 
day,  fubtradil  the  declination  from  the 
Sun’s  meridian-  altitude,  (that  is,  from 
his  height  at  mid-day,  as  found  by  tlie 
quadrant)  and  tlie  remainder  will  be 
the  height  of  the  Equinoftial ; which 
height  being  'fubtraSled  from  90  de- 
grees,  will  give  the  Latitude  of  the 
place.  / 

Thus,  on  the  21  ft  of  June,  the  ta- 
bles fhew  us,  that  the  Sun’s  declinati- 
on is  23  i degrees  North  ; and  if  the  Sun’s 
gltitude  be  obferved  with  a quadrant  on 
the  noon  of  that  day,  the  altitude  will  be 
found  to  be  juft  62, degrees.  Now  fubtradl 
degrees  from  ^2,  and  the  remainder 
will  be  3S^  degrees  for  the  height  or 
elevation  of  the  higheft  point  of  the  Equi- 
nodlial  above  the  horizon  of  London; 
which  height  being  fubtra61ed  from  90  de- 
grees, leaves  remaining  5 degrees  for  the 
Latitude  of  London. 

If  the  Sun’s  declination  be  South,  add 
its  quantity  to  the  Sun’s  obferved  alti- 
tude at  noon,  and  the  fiirn  will  be  the  ele- 
vation 
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vation  of  the  higheft  point  of  the  equinoc« 
tial  above  the  horizon  of  the  place;  which 
elevation  being  fubtracled  from  90  de- 
.^rees,  will  leave  a remainder  equal  to  the 
Latitude  of  the  place. 

Thus,  on  the  2Ift  of  December,  the 
tables  fhew  us,  that  the  Sun’s  declina- 

' I 

4 

tion  is  23^  degrees  South  : and  if  his  alti- 
tude at  noon  be  taken  at  London  on  that 
day  by  a quadrant,  it  will  be  found  to  be 
juft  15  degrees  ; which  being  added  to  23^  ' 
degrees  of  South  declination,  gives  38-|  ' 
degrees  for  the  height  of  the  equino61ial, 
which  height,  being  fubtra6led  from  90 
degrees,  leave  5 1 \ remaining,  for  the 
Latitude  of  London,  as  .before. — Do  you 
underftand  all  this,  EiidosiaP^ 

E.  I think  I do,  on  account  of  the  reafons 
you  have  giv^  for  the  procefs. — But  I 
will'  coftiidcr  it  by  and  by ; and  then  tell 
you  if  I iifid  any  difficulty. 

N.  Do  fo  : and  now  we  will  talk  about 
the  Longitude.  The  curve  lines  wffiich  you 
fee  drawn  on  the  globe,  from  pole  to  pole 
(PLATE  I.  Fig>  1)  arc  called  J/mW/ans; 

and 
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and  each  of  them  is  a meridian  to  every 
place  through  which  it  paffes ; becaufe 
vvlien  it  comes  even  with  the  Sun,  by  the 
turning  of  the  globe  on  its  axis,  the  Sun  Tst 
then  at  the  greateft  height,  as  feen  frpm  all 
places  on  that  meridian;  and  confequently, 
it  is  then  mid-day  or  noon  to  each  of  them. 
— There  are  only  24  meridian  femicirclcs 
on  the  globe,  at  equal  diftances  from'  each 
other ; but  we  may  fuppofe  the  whole 
fpaces  between  them  to  be  filled  up  with  - 
other  fiich  meridians,  becaufe  every  place, 
which  is  ever  fo  little  to  the  Eaft  or  Weft 
from  the  meridian  of  any  given  place,  lias 
a different  meridian  from  that  of  the  given 
place. 

The  whole  circumference  of  the  equa- 
tor is  divided  into  360  equal  parts  or 
degrees:  and  the  Lnglifti  afironomers 

and  geographers  begin  (what  they  call) 
the  l.ongitude,  at  the,  meridian  of  Lon- 
don, and  thence  reckon  the  Longitudes  ' 
of  other  places  to  the  Eaft  or  Weft,  as 
tlie  meridians  of  thofe  places  lie  Eaft  or 
Weft  from  the  Meridian  of  London, 

So. 
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So  that,  the  Longitude  of  any  place,  Eaft 

or  Weft  of  the  meridian  of  London,  is 

> 

equal  to  the  number  of  degrees  inter- 
cepted between  the  meridian  of  that  place 
and  the  meridian  of  London  : according 
to  the  Englifh  way  of  reckoning.  Thus, 
a meridion  drawn  through  Copenhagen  in 
Deiunark^  would  cut  the  Equator  13  de- 
grees eaftward  of  that  point  where  the  me- 
ridian of  London  cuts  it;  and  a meridian 
drawn  through  - Philadelphia^  in  North- 
Am erica,  would  cut  the  equator  74*  de- 
grees weftward  of  the  point  where  the  me- 
ridian of  London  cuts  it : and  therefore, 

%ve  fay,  the  Longitude  of  Copenhagen  is 
13  decrees  Eaft  from  the  meridian  of  Lon- 
don  (which  is  termed /Ae  meridian  by 
the  Englifh)  and  the  longitude  of  Phila- 
delphia is  74  degrees  weft. 

All  people,  who  know  what  Latitude 
and  Longitude  mean,  reokon  Latitude  to 
begin  at  the  Equator,  that  they  may  find 
the  Latitude  by  the  • elevation  of  the 

pole  above  the  horizon. But,  as  they, 

may  begin  the  Longitude  at  the  meri- 
dian 
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dian  of  any  place;  I fuppofe  moft  na- 
tions reckon  the  Longitude  ol:  all  other 
places  from  the  meridian  of  the  princi- 
pal city  of  their  own  kingdom  or  na- 
tion. 

E,  Why  is  it  fo  difficult  a matter  to  find 
the  Longitude  of  any  place  from  the  meri- 
dian of  any  other  place,  in  comparifon  of 
finding  the  Latitude  ? . 

N.  Becaufe  we  have  a fixt  point,  or 
pole,  in  the  Heaven,  which  fhews  us 
our  Latitude  by  its  elevation  above  the 
horizon  of  our  place : but  there  is  no 

vilible  meridian  in  the  Heaveri,  to  keep 
diredlly  over  the  meridian  of  any  place 
on  the  Earth. — If  there  were  fuch  a me- 
ridian, the  Longitude  of  all  other  places 
from  it  might  be.  as  ealily  found,  by  its 
elevation  above  their  horizons,  as  their 
Latitudes  are  found  by  the  elevation  of  the 
pole,  or  by  the  declination  of  the  Sun  from 
the  equator. 

E.  1 underfland  you  perfeftly  well. — 
But,  pray,  what  are  the  beft  methods  that 
have  been  yet  propofed  for  finding  the 
•Longitude  ? 

R N.  The 
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* N.  The  befl  method,  in  theory,  is  by  a 
machine  that  will  meafure  time  exactly,  so 
as  to  go  as  true  at  fea,  as  a good  clock  docs 
on  land. 

E,  Pleafe  to  explain  this. 

N,  The  Earth’s  circumference  is  550  de- 
grees; and  as  it  turns  round  its  axis  eaft- 
ward  every  hours,  it  turns  15  degrees 
every  hour  ; for  24  times  15  are  560.  There- 
fore, every  place  whole  meridian  is  15  de- 
grees eaft  of  the  meridian  of  London  will 
have  noon,  and  every  other  hour,  one  hour 
fooner  than  it  is  fo  at  the  meridian  of  Lon- 
don-  Every  place  whole  meridian  is  30  de- 
grees eaft  ward  of  the  fneridiati  of  London 
will  have  noon,  and  every  other  hour,  two 
hours  fooner  than  it  is  fo  at  the  meridian 
of  London  ; and  fd  on  : the  time  always 
differing  one  hour  for  every  15  degrees 
of  Longitude:  On  the  contrary,  every 

place  whofe  meridian  is  15  degrees  weft 
from  the  meridian  of  London  will  har^e 
noon,  and  every  other  hour,  one  hour  la- 
ter than  it  is  fo  at  the  meridian  of  Lon- 
don ; and  every  place  whofe  meridian  is 

30 
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30  degrees  weft  from  the  meridian  of  Lon- 
don will  have  noon  and  every  other  hour 
two  hours  later  than  it  is  fo  at  the  meridian 
of  London;  and  fo  on. 

E.  Although  this  feems  plain,  I fhould  be 
glad  to  have  it  illuftrated  by  a figure* 

N.  And  here  is  one  (Fig*  ^2.  of  PLA'fE 
III.)  ready  for  you;  in  which,  let  S be 
the  Sun,  a b c def^  &c.  the  Earth,  turning 
eaftward  round  its  axis,  in  24  hours, 
'according  to  the  order  of  the  letters. 
Let  P be  the  North  pole' of  the  Earth, 
and  a b c P,  d P,  &c.  be  as  much  of 
* 24  meridian  lemicircles  as  can  be  fliewn 
in  the  figure,  at,  15  degrees  diftance  from 
each  other:  and  fuppofe  a P to.  be  the 
meridian  of  London. 

Then,  whichever  fide  of  the  Earth 
is  at  any  time  turned  toward  the  Sun,  it 
will  be  day  on  that  fide,  and  night  on 
the  other  ,•  as  exprefied  by  the  light  and 
fhaded  parts^of  the  Earth  in  the  figure. 
And,  as  it  muft  be  XII  o’clock  at  noon 
on  any  meridian  which  is  turned  to- 
ward the  fun,  at  any  moment  of  abfolute 
time,  becaufe  that  meridian  will  then  be 

R 2 in 
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in  the  middle  of  the  enlightened  half  of 
the  Earth,  as  on  the  meridian  Pa;  it  is 
plain  that  it  v^iil  be  twelve  o'clock  at 
night,  at  the  fame  inftant,  on  the  oppolite 
meridian  n P,  becaufe  it  is  then  in  the 
middle  of  the  dark:  VI  o’clock  in  the 

morning  on  the  meridian  t P,  and  VI  in 
the  evening  on  the  meridian  g P ; and 
ib  all  the  inte.rmediate  hours,  on  the 
intermediate  meridians,  at  the  very  in- 
Pant  when  it  is  noon  on  the  meridian 
P a.  So  that,  fuppoling  P to  be  the 
meridian  of  London,  it  is  plain,  that  Vv^hen 
it  is  XII  o’clocjc  there  it  will  be  1 o’clock 
in  the  afternoon  on  the  meridian  P 
became  that  meridian  is  paft  by  the  fun  15 
degrees,  or  one  Hour,  to  the  eaftward  ; II 
o’clock  in  the  afternoon  on  the  meridian 
P c ; III  o’clock  on  the  meridian  P d ; and 
fo  on-  But,  it  can  only  be  XI  in  the 
forenoon  on  the  meridian  P when  it 
is  noon  on  the  meridian  P a;  becaufe 
P 2:  is  then  an  hour  fhort  of  being  even 
with  the  Sun  : X o’clock  in  the  forenoon 
on  th?  meridian  P y,  becaule  that  me-  . 

ridiau 
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vidian  wants  two  hours  of  being  even  with 
the  Sun;  and  fb  on. 

Now  as  every  matter  of  a fhlp  knows 
how  to  find  the  time  of  the  day  at  the 
place  of  his  fhip,  by  the  height  of  the 
Sun ; or  the  time  of  the  night  by  the ' 
height  of  any  given  ttar  that  revolves  at 
a good  dittance  from  either  of  the  celetti- 
al  poles;  if  he  firft  finds  the  latitude  of 
the  place  of  his  fhip  he  may  find  the 
Longitude  of  that  place  in  the  following 
manner,  if  he  can  depend  upon  the  true 
going  of  his  watch. 

Before  he  fets  out  for  any  port,  as  fup- 

% 

pofe  from  London,  let  him  fet  his  watch  to 
the  exa6t  time  at  that  port ; and  .then,  let 
him  fail  where  he  will,  his  watch  will 
always  fhew  him  what  the  time  is  at  that 
port  from  which  he  fet  out. 

Now  fuppofe  him  ,to  be  at'  fea  on  his 
way  to  the  Weft-Indies;  and  that  he  has 
failed  from  London  at  a as  far  weftward 
as  .r,  and  then  wants  to  find  the  Longi. 
tude  of  the  place  of  the  fhip  at  x.  He 
firft;  finds  the  Latitude  ^ of  the  place  x^ 

: I ' ^ and 
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and  then,  by  the  altitude* of  the  Sun,  finds 
the  time  at  that  place;  which  we  fnall 
fuppofe  lobe  IX  o’clock  in  the  morning; 
he  then  looks  at  his  watch,  which  fiiews, 
the  time  at  London,  on  the  meridian  P 
and  finds  that  it  is  XII  o’clock  at  noon  on 
the  meridian  of  London.  By  this  he 
knows,  that  he  is  three  hours  to  the 
weft  of  London ; and  as  every  hour  of 
time  anfwers  to  15  degrees  of  Longitude, 
he  finds  that  the  meridian  of  the  place 
of  his  fhip  is  3 times  15,  or  45  degrees 
weft  from  the  meridian  of  London. 
And,  as  every  hour  anfwers  to  15  de- 
grees of  longitude,  fo  every  four  minutes 
anfwers  to  one  degree.  If  he  had  been 
as  far  eaftw^ard  (as  at  d)  from  tlie  me- 
ridian of  London,  he  would  have  found 
it  to  be  III  o’clock  in  the  afternoon  at 
the  place  of  his  fihip,  when  his  watch 
would  have  fhewn  him  that  it  was  then  only 
tnid-day  at  London : and  fo,  in  that  cafe,  he 
would  have  known  that  the  Longitude  of 
his  fhip  was  45  degrees  Eaft  from  the  me- 
ridian  of  London. 

E.  This  appears  to  me  to  be  a very 

rational 


LADY’S  ASTRONOMY. • 127 

rational  and  dafy  method  of  finding  the 
Longitude,  if  a watch  can  be  made  that  will 
keep  exa6h  time  at  fea. — Pray,  has  there 
ever  been  fuch  a vv'atch  made,  fb'as  that  it 
can 'be  depended  upon?  for  otherwife  I 
fhould  think  it  very  dangerous;  becaule, 
for  every  four  minutes  that  it  would  either 
gain  or  lofe,  it  would  «^caufe  an  error  of  a 
whole  degree  in  reckoning  the  Longitude, 

N.  Mr.  Harrison  has  fucceeded  the  belt 
of  any  who  ever  yet  attempted  to  make 
fuch  a watch.*  that  watch  has  been 
found  not  to  keep  time  quite  lb  exa6lly  as 
was  expe61ed,  after  fome  months  trial  at 
the  Royal  Obfervatory  at  Greenwich.  Yet 
it  rhuft  be  acknowledged  that  Mr.  Harrison 
has  very  great  merit,  and  defervcs  the 
reward  he  has  got  for  his’  ingenuity : and 
many  are  of  opinion,  that  he  can  dill 
make  a watch  that  will  meafure  time  more 
exa6Uy  than  the  one  which  has  been  already 
tried  (and  for  -which  he  has  got  the 
reward),  as  it  is  the  only  one  he  ever  made. 

Another  method  (and  which  is  a very 

s i ^ , fure 
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lure  oiie)  for  finding  the  Longitude,  has 
been  pra6iifed  for  many  years:  and  that 
is,  by  the  eclipfes  of  Jupiter’s  fatelHtes; 
but  it  is'  attended  with  two  inconveni- 
ences ; firft,  as  it  requires  the  telefcope  t© 
be  quite  Heady,  by  which  thofe  eclipfes 
are  obferved,  it  cannot  be  put  in  pra6tice 
at  fea,  on  account  of  the  unfteadinefs  of 
the  fhip:  and,  fecondly,  no  obfervations  oF 
thele  eclipfes  can  be  made  in  the  day-thne, 
becaule  Jupiter  is  not  then  vifible. 

E»  But  I Ihould  think  it  muft  Hill  be 
very  ufeful  in  finding  the  Longitude  of 
places  on  the  land,  where  the  telefcope  may 
be  kept  quite  Heady. — Pray,  explain  the 
method  by  which  the  Longitude  has  been 
thus  found.  , . 

N.'  The  EngliHi  aHronomers  have  cal- 
culated tables  which  Hiew  the  times 
of  thofe  eclipfes,  all  the  year  round,  on 
the  meridian  ofl.ondon;  and  the  French 
have  done  the  like  for  the  meridian  of 
Paris. — Now,  fuppofe  an  EngliHiman  to 
be  at  Kingsion  in  Jamaica^  and  that  he  ob- 
ferves  either  of  Jupiter’s  moons  to  be 
cclipfed  jiiH  at  One  o’clock  in  the -morn- 
ing: 
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ing;  he  looks  at  the  tables,  to  fee  at  what 
time  the  fame  eclipfe  is  on  the  meridian 
of  London ; and  finds  the  time  there  to 
be  at  8 minutes  after  VI  in  the  morning. 
The  difference  of  the  times,  as  reckoned 
at  London  and  at  Kingston  in  Jamaica,  is 
thus  found  to  be  5 hours  8 minutes,  or  308 
minutes;^  which  being  divided  by  4,  (be- 
caufe  4 minutes  of  time  anfwer  to  one  degree 
of  Longitude)  quotes  77  for  the  number  of 
degrees  by  which  the  meridian  of  Kingfton 
is  weft  from  the  meridian  of  London : and 
thus  he  finds,  that  Kingdon  is  in  77  de- 
grees of  Weft  Longitude  from  London. 

E,  You  have  explained  this  matter  very 
fully  ; and  I thank  you  for  it. 

N,  I thought  to  have  done  it  in  much 
fewer  Vv^ords  : • and  am  afraid  1 have  quite 
tired  you  this  morning,  as  you  cannot  be 
very  well  after  having  fuch  a bad  night. 

E-  But  I am  quite  well  now,  brother; 
and  you  have  finifhed  in  very  good  time, 
as  the  bell  juft  rings  for  breakfaft. 
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On  the  CAUSES  of  the  different  lengths  of  DAYS  nnd 
NIGH'fS,  the  vicissitudes  of.  SEASONS,  and  the  various 
phases  of  the  MOON, 

. I 

I , 

, ^ Ncande?\  t . . 

T ‘ 

X AM  very  glad  to  fee  you  To  early  this 
morning,  Eudocla. — I hope  you  refted  well 
lafl  night,  and  had  no  return  of  your  late 
'-complaint. 

E’udoda.  T ilept  very  well  from  ten  o’clock 
/till  five;  and, am  quite  well, 

iY.  I am  very  glad  to  hear  it.— What 
fubject  do  you  purpofe  for  us  to  enter 
upon  this  morning  ? 


E.  I 
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E.  I fhould  be  glad  to  know  the  reafbn 
why  the  days  and  nights  are  of  different 
lengths  at  different  times  of  the  year.  For, 
although  Tis  plain,  that  the  turning  of  the  . 
Earth  round  its  axis  once  every  24  hours 
mufl  caufe  a continual  fucceffionof  day  and 
liight  in  that  time;  the  fame  as  if  the 
Earth  Were  at  refl,  and  the  Sun  moved 
round  it  in  24  hotirs ; 1 do  not  underftand 
the  reafon  why  the  days  and  nights  are 
continually  varying  in  theif  lengths,  un- 
lefs  it  were  by  a particular  motion  of  the 
Sun  northward  and  fouthward,  acrofs  the 
Equator,  in  a year.— *But,  from  what  you 
have  already  told  me,  it  appears  plain,  by 
the  ftated  laws  of  nature,  that  the  Sun  can- 
not have  any  fuch  motion. 

iV.  Indeed  he  cannot. — =And  you  fhall 
foon  fee  the  reafon  of  the  different  lengths 
of  days  and  nights,  and  of  all  the  four  fea- 
fbns  of  the  year,  without  any  motion  of  the 
Sun  northward  and  Ibuthward  acrofs  the 
Equator. — Pleafe  to  light  that  candle,  by 
way  of  a Sun,  and  fet  it  upon  the  table  ; 

S 2 vvhilft 
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whilft  I fhut  the  windows,  fo  that  we 
inay  have  no  light  in  the  room  but  from 
the  candle. 

E*  There  it  is,  brother. 

N,  Now,  I put  a wire  axis  through  our 
fmall  three  inch  globe,  fo  as  to  reach  a 
li'rtle  way  out  from  its  furface  in  the 

North  and"  South  poles. 1 move  the 

globe  round  the  flame  of  the  candle, 
keeping  it  always  at  the  fame  height 
from  the  table,*  and  its  axis  perpendicu- 
lar to  the  table  r and  you  fee  that  the 
candle  is  always  even  with  the  Equator 
of  the  globe,  and  enlightens  it  juft  from 
pole  to  pole. 

E,  Exa6lly  fo. 

And  that  one  half  of  the  globe  is 
enlightened  by  the  candle,  whilft  the 
other  half  is  not  : and  confequently,  that 
it  appears  as  if  it  were  (/ay  on  the  fide  of 
the  globe  next  the  candle,  and  nig/ii  on 
the  oppofite  fide. 

E,  Very  plain. 

AT.  I now-  turn  the  globe  round  its 
axis  many  times  during  the  time  I 

move 
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move  it  round  the  candle  as  before  ; and 
you  fee  that  every  part  of  its  furface 
from  the  North  pole  to  the  south,  goes 
equally  through  the  light  and  lhade.  So 
that,  if  the  globe  was  turned  round  its  axis 
once  every  hours,  and  carried  round 
about  the  candle  once  in  a year,  every 
point  of  its  furface,  from  pole  to  pole, 
would  be  twelve  hours  in  the  light,  and ' 
twelve  hours  in  the  dark.. 

E,  Undoubtedly  it  would. 

N,  Then,  you  see,  that  fuppofing  the 
candle  to  have  no  motion  from  one  lide 
of  the  Equator  to  the  other,  and  the  axis 
of  the  globe  to  keep  perpendicular  to  its 
orbit,  in  its  whole  courfe  round  the  can- 
dle, the  days  and  nights  could  never  vary 
in  their  length. 

E»  Self-evident. 

N.  I now  incline  the  North  pole  of 
the  axis  a little  toward  the  candle,  and 
turn  the  globe  round  its  axis. — You  now 
fee  that  the  candle  fliiaes  as  far  over  the 
North  pole  as  the  axis  of  the  globe  is 
inclined  toward  the  candle;  and  that  all 

thofe 
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thofe  places  of  the  nohhern  hemifphere 
which  go  through  the  liark,  go  through 
lefs  of  it  than  they  do  of  the  light  io 
that  their  days  are  longer  than  their 
nights  : and  the  candle,  being  on  the ' 

North  fide  of  the  Equator,  fhines  as  far 
fhort  of  the  South  pole,  as  it  fliincs  over 
the  North  pole : and  confequently,  all 

the  places  on  the  Ibuthern  hemifphere  of 
the  globe,  which  go  througli  the  light, 
go  through  a lefs  portion  of  it  than  they 
do  of  the  dark  ; and  fo  have  their  days 
fhorter  than  their  nights. 

But,  make  the  North  pole  of  the  axis 
decline  from  the  candle,  and  turn  the 
globe  round  its  axis ; the  candle  will 
not  enlighten  the  globe  to  the  North 
pole,  but  it  will  Ihine  round  the  South 
pole.  And  now,  all  the  northern  places 
of  the  globe  which  go  through  the  light, 
go  through  lefs . of  it  than  they  do  of 
the  dark;  lb  that  the  days  are  fliorter 
than  the  nights  on  the  North  fide  of  the 
Equator,  and  the  contrary  on  the  South 
fide  of  it.— You  now  fee,  that  turning 
the  poles  of  the  Earth  alternately,  more 

or 
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or  lefs,  toward  and  from  the  Sun,  will 
have  the  fame  effect,  as  if  the  Sun  really 
moved  northward  and  fouthward  to  dif- 
‘ ferent  fides  of  tlie  Equator. 

E,  It  will,  indeed. — But  do  the  poles 
of  the  Earth  incline  toward  the  Sun,  and 

f 

from  him,  in  that  manner,  at  different 
times  of  the  year  ? * 

N.  ^ They  do  : and  here  is  a figure, 

(PLATE  IV.  Fig.  1.)  by  which  the  whole 
. of  that  matter  may  be  very  eafily  ex- 
plained. 

Let  ABCDEFG  II A rcprefent  the 
Earth’s  orbit  (feen  obliquely,  which  cau- 
feth  it  to  appear  of  an  elliptical  fhape). 
And  let  / be  the  earth,  going  round  the 
Sun  Y according  to  the  order  of  the  leU 
ters  &c.  once  every  year. 

Now,  fuppofe  a great  circle  P u I p 
to  be  drawn  round  the  Earth,  through 
its  North  pole  P and  its.  South  pole  p ; 
and  let  £ be  the  Equator. 

Divide  the  great  circle  Pulpx  into 
S60  equal  parts  or  degrees  ; and  fet  off 
23^  of  thefe  degrees  from  P to  u.  Then, 
at  the  diflance  P u from  the  North  pole, 

^draw 
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draw  a circle  all  round  it ; which  call 
the  North  polar  circle ; and  fuppofe  juft 
fuch  another  circle  to  be  drawn  around 
the  South  pole. 

Make  the  Earth’s  axis  P p incline 
23  i degrees  toward  the  right-hand  fide 
of  the  plate ; and  let  the  Earth  I be  car- 
ried round  the  Sun  in  the  orbit  A,  B, 
C,  D,  &c.  in  the  time  of  its  turning  36 5^ 
times  round  its  axis  : and,  in  its  whole 
courle,  let  its  axis  P p ftill  incline  23-^ 
degrees  toward  the  righthand  fide  of  ,tlie 
plate. 

Then  ’tis  plain,  that  when  the  Earth 
is  at  7,  the  whole  North  polar  circle  falls 
within  the  enlightened  part  of  the  Earth; 
and  all  the  northern  places  between  the 
Equator  £ and  the  North  polar  circle  u 
are  more  in  the  light  than’  in  the  dark : 
and  therefore,  as  the  Earth  turns  round 
its  axis,  thefe  places  will  have  longer 
days  than  they  have  nights:  and  the 

Sun  will  point  as  far  North  of  the  Equa- 
tor £ as  fhewn  by  the  ftraight  line  7?,  as 
he  fhines  round  the  North  pole  P;  for 
the  difiance  £ northward  from  the 

Equator, 
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Equator,  is  equal  to  the  diftance  P u 
from  the  North  pole  ; which  is  ^23^  de- 
grees.—This  is  the  Earth’s  polition  on 
the  2lft  of  June,  when  our  days  are 
at  the  longefl,  and  nights  at  the  fhort- 
eft. 

At  the  diftance  £ T (^3^  degrees 
Northward  from  the  equator)  deferibe 
the  circle  T,  round  the  globe,  parallel 
to  the  equator : and  as  the  Sun  is  di- 

re6lly  over  the  circle  T,  in  the  right  line 
and  can  never  be  farther  North  of 
the  Equator;  but  begins  then  to  recede 
as  it  were,  ' fouthward  from  the  circle  1\ 
that  circle  is  called  the  Northern  Tropic^  or 
limit  of  the  Surfs  greateft  North  declina- 
tion from  the  Equator  £. 

As  the  Earth  moves  on  in  its  orbit, 
from  I to  Ky  its  azis  P p inclines  more 
and  more  fidewife  to  the  Sun  S\  as  it 
hill  keeps  parallel  to  the  polition  it  had 
when  the  Earth  was  at  for  which 
reafon,  the  northern  places  arc  gradual- 
ly turned  away  from  the  Sun  ; and  their 
days  grow  (horter,  and  their  nights 
longer. 


T 
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When  at  the  Earth  is  at  /r,  its  axis  P 
inclines  neither  toward  the  Sun  nor  from 
him,  but  is  iidewife  to  him  : fo  that 

the  Sun  is  then  dire6Uy  over  the  Equa- 
tor, and  enlightens  the  Earth  juft  from 
pole  to  pole.  And,  as  the  Earth’s  rota- 
tion on  its  axis  then  carries  all  the  parts 
of  its  furface  between  the  poles  equally 
through  the  light  and  the  dark,  the  days 
and  nights  are  equally  long  at  all  places 
of  the ' Earth.  This  is  the  Earth’s  poll- 
tion  on  the  23d  of  September. 

. As  the  Earth  advances  from  K to  L, 
through  the  part  C Z)  of  its  orbit,  the 
North  pole  P and  all  the  northern  places 
of  the  Earth  are  gradually  more  and 
more  turned  away  from  the  Sun  S : and 
thofe  places  of  the  northern  hcmifphere 
which  go  through  the  light  and  the 
dark,  go  through  more  of  the  dark  than 
of  the  light ; fo  that  their  days  become 
gradually  ftiorter,  and  their  nights 
longer. 

When  the  Earth  comes  to  Z in  its  or- 
bit, its  North  pole  P is  as  much  turned 
away  from  the  Sun  6',  as  it  was  turned 
* toward 
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toward  him  when  the  Earth  was  at  I c, 
and  therefore,  when  the  Earth  is  at  L, 
the  whole  North  polar  circle  u is  in  tlie 
dark ; and  the  Sun  points  ‘23-^  degrees 
(as  fhewn  by  the ' right  line  r)  to  tlie 
South  of  the  equator  and  is  then 

over  the  circle  /,  which  is  parallel  to  the 
Equator,  and  is  called  the  southern  tropic^ 
becaufe  it  is  the  utmoft  limit  of  tlie  Sun’s 
South  declination  from  the  Equator. 
This  is  the  Earth’s  pofition  on  the 
of  December,  when  all  thofe  places  in 
the  northern  , hemifphere,  which  go 
through  the  light  and  the  * dark,  go 
through  ^the  lealf  portion  of  the  light, 
and  the  greateft  of  the  dark,  that  they 
can  do  on  any  day  of  the  year.  And 
therefore,  the  days  are  then  at  the  fhorted, 
and  nights  at  the  longed:,  in  the  Northern 
half  of  the  Earth,  all  the  way  from  the 
Equator  £ to  the  North  polar  circle  u 
within  which  circle  there  is  no  day  at 
all. 

•,  As  the  Earth  advances  from  T to  .]/, 
through  the  part  E JF  of  its  orbit,  its  axis 
P p is  gradually  more  and  more  turned 

T 2 lidewife 
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fidewife  to  the  Sun ; the  northern  places 
- fall  more  and  more  into  the  light,  and 
their  days  lengthen  and  nights  fhorten.  And 
when  the  hearth  comes  to  J/,  which  is  on 
the  20th  of  March,  its  axis  neither  inclines 
toward  the  Sun  nor  from  him,  but  lidewife 
to  him  ; and  then,  the  Sun  is  dire611y  over 
the  Equator  £,  and  enlightens  the  Earth 
from  its  North  pole  P to  its  South'  pole 
p:  and  as  it  turns  round  its  axis,  every 

place  on  its  furface  from  pole  to  pole  goes 
equally  through  the  light  and  the  dark,  and 
has  the  day  and  night  of  an  equal  length, 
that  is,  twelve  hours  each. 

Laftly,  as  the  Earth  goes  on  from  M 
to  /,  in  the  part  O II  of  its  orbit,  its 
North  pole  P,  and  all  its  northern  places 
from  the  Equator  £ to  that  pole,  advance 
gradually  more  and  more  into  the  light; 
and  fo,  have  their  days  longer  and 
nights  fhorter,  till  the  Earth  comes  to  I 
on  the  20th  of  June,  when  the  days  in 
thofe  places  are  at  the  longefl:,  and  nights 
at  the  fhorted ; becaufe  they  incline  the 
mod  to  the  Sun  that  they  can  do  on  any 

day 
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day  of  the  year;  and  conlequently,  they 
then  go  through  the  greated  portions  of 
tlie  light,  and  the  lead  of  the  dark,  all 
the  way  from  the  Equator  to  the  North 
polar  circle  u ; within  tvhich  circle  there  is 
then  no  darknefs  at  all. 

And  thus,  as  the  Eartlfs  axis  dill  in- 
clines toward  one  and  the  fame  fide  of 
the  heavens,  in  its  whole  annual  courfe 
round  the  Sun  ; as  in  the  figure  it  does 
toward  the  right  hand  fide  of  the  plate; 
it  is  evident,  that  its  axis  mud  incline 
condantly,  more  or  lefs  toward  tlie  Sun 
during  our  fummer  half  of  the  year; 
and  more  or  lefs'  from  him  during  our 
winterhalf.  That,  when  it  is  fummer 
in  the  northern  hemifphere,  it  mud  be 
winter  in  the  Ibuthern,  and  the  contrary  : 
and  that  there  can  be  no  difference  of 
fcafbns  at  the  Equator,  becaufe  it  is  in 
the  middle  between  the  poles,  and  always 
equally  cut  in  lialves  by  the  boundary  of 
light  and  darknefs  u t. 

E.  This  very  plainly  fhews  the  reafbn 
of  the  different  lengths  of  days  and 
nights,  and  alfb  of  all  the  variety  of 

feafons. 
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feafons. — But,  as  I apprehend  the  matter, 
each  pole,  in  its  turn,  miift  be  con- 
tinually in  the  light  for  half  a year  to- 
gether, and  in  the  dark  for  the  other  half: 
fo  that  it  appears  there 'can  be  but  one  day 
and  one  night  at  each  pole,  in  the  whole 
year. 

N.  You  are  quite  right,  Eudosia;  and' 
have  told  me  the  very  thing  that  I was 
about  to  inform  you  of. 

E.  I came  into  your  room  yefterday' 
about  one  o’clock ; but  you  happened 
then  to  be  out : and  feeing  a book  lying  open 
on  your  table,  I looked  into  it;  and  found 
mention  made  of  the  ecliptic,  the  there- 
of, and  the  p/tfre.  Pray,  what  is  the 
ecliptic,  and  what  are  its  figns? 

N.  If  the  plane  of  the  Earth’s  orbit 
were  produced  out  to  the  ftars,  like  a 
broad  circular  thin  plate,  its  edge  would 
form^  a great  circle  among  the  Bars  ; 
which  great  circle  (tho’  only  an  imagin- 
ary one)  we  call  the  Ecliptic,  And  as, the 
Earth  moves  in  the  plane  of  fuch  a cir 
cle,  in  its  whole  courfe  round  the  Sun, 

it 
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it  will  be  alvvays  feen  from  the  Sun  as 
moving  in  fuch  a circle  among  the  Rars: 
and,  at  any  given  time,  in  ,the  opposite 
, point  of  that  circle  to  the  point  of  it  ia 
which  the  Sun  then  appears,  as  feen  from 
the  Eartli.  So  that,  as  the  Earth  goes 
round  the  Sun  once  a year,  the  Sun  will 
appear  to  us  to  deferibe  a great  circle 
among  the  fears,  in  a year. 

Aftronomers  divide  this  circle  into' 
twelve  equal  parts,  called  Signs^  and  each  ^ 
fign  into  20  equal  parts  called  Degrees* 
And  in  whatever  Sign  and  Degree  the 
Earth  would  appear,  as  feen  from  the 
Sun,  at  any  given  time,  the  Sun  mufe 
then  appear  in  the  opposite  Sign  and  de- 
gree ^as  feen  from  the  Earth : and  the 

part  of  the  Ecliptic  in  which  the  Sun’s 
center  appears  to  be,  as  feen  from  the 
Earrh  at -any  given  infeant  of  time,  is 
called  the  Sun^s  place  in  the  Ecliptic^  at  that 
time. 

Thcfe  Signs  are  called  ' Aries,  • Taurm\ 
(jemini.  Cancer ^ Leo^  Libi'a)  Scorpio y 

xSagittariusy  CapricormiSy  Aijv arias ^ and  Pisces, 
'ilie  month  and  days  of  the  year,  in 

• which 
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wliich  the  Sun  appears  to  enter  thefe 
Signs,  are  as  follow : 

« 

^ Arm,  Touruif  Gemini,  Cancer,  Lu,  yirgo, 

March  April  May  June  July  Auguff 

20  iO  21  21  23  23 

Liira,  Scorpio,  Sagittarius,  Capricornus,  Aquarius,  Pifees, 

Sept.  Odob.  Novemb.  Decemb.  ,J^n*  ^^eb. 

23  13  11  20  19, 

E,  Then,  let  me  fee;  I think  I could 
tell,  by  this,  what  the  Sun’s  place  in 
the  Ecliptic  is,  on  any  day  of  the  year. 
Each  fign  has  50  degrees ; this  is  the 
11th  day  of  July,  and  the  Sun  does  not - 
enter  Leo  till  the  ; fo  that  he  muft 
yet  be  in  Cancc7\  Take  1 1 from  23, 
and  there  remain  12;  fo  that  the  Sun 
is  now  12  degrees  fhort  of  the  laft  point  of 
Cancer;  and,  confequently,  he  is  in  the  ISth 
degree  thereof. 

N.  You  are  perfedfly  right,  lif;r;  and  I 
think  we 'have  done  with  this  part  of  our 
fubje6t. 

E.  And  will  you  allow  me  this  morning 
to  enter  upon  any  oUier  ? 

iV.  Why  not ; and  continue  it  too  till  the 
bell  calls  us  to-  breakfaff. 

E.  Which,  I hope,  will  not  be  in  lefs 

I 

than  half  an  hour;  and  till  then,  I 

fhould 
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Ihould  be  glad  to  learn  fomething  about 
the  Moon. 

»Very  well : it  is  your  province  to 
adc  queftionsj  and  mine  to  anfwer  them. 

E.  What  is  the  caufe  of  the  Moon’s 
appearing  of  fuch  diliererit  lhapes  as  flie 
does  to  us  every  month,  always  increaf- 
ing  from  cliange  to  fullj  and  decreafing 
from  full  to  change  ? 

N Be  pleafed  to  light  the  candle  again, 
and  fet  it  on  yonder  table,  at  the  farther 
end  of  the  room,  whilfl  I dole  the  window- 
fluitters.  And  then,  do  you  hand  at  a 
good  diftance  from  the  candle,  and  look 
toward  it. 

E.  Very  well,  brother  ; — Now. 

N.  Here  is  a fmall  ivory  globe,  with 
a wire  through  it,  by  way  of  an  axis. — 
I will  now  move  f/mt  globe  round  ypur 
head  ;-  aud,  as  I carry  it  about,  do  you 
turn  yourlelf  round,'  and  keep  looking 
at  it.  Let  the  candle  reprefent  the  Sun, 
your  head  the  Earth,  and  the  globe  the 
Moon.  As  the  candle  can  enlighten  only 
that  half  of  tlie  globe  which  is  turned 
toward  it,  fo  the  Sun  can  only  enlighten 

U ‘ that 
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that  lialf  of  the  Moon  which  is  at  anv 
time  turned  toward  him.  The  other  half 
is  in  the  dark,  and  the  Moon  goes  round 
the  Earth  in  her  orbit  once  a month. 

As  I carry  the  globe  round  your  head, 
the  dark  fide  of  it  is  toward  you  when 
it  is  between  your  head  and  the  candle  ; 
the  light  iide  when  it  is  carried  half 
round,  or  oppolite  to  the  candle  with  ref- 
pect  to  your  head  ; and  in  the  middle  be- 
tween thefe  two  politions,  you  have  lialt' 
the  light  and  half  the  dark  lide  toward 

YOU. 

Very  true. — And  when  the  globe 
is  between  me  and  the  candle,  the  whole 
of  its  enlightened  fide  difappears  : when 
you  move  it  a little  way  Ifom  that  poll- 
tion,  I fee  a little  of  its  enlightened  iide, 
appearing  horned,  like  the  Moon  when  fhe 
is  a few  days  old.  When  you  carry  it  a 
quarter  round,  1 fee  half  its  enlightened 
fide,  which  appears  jufl  like  the  Moon 
when  fhe  is  a quarter  old.  As  you  move 
it  farther  onward,  I fee  more  and  more  of 
its  cnlii^htcned  fide  ; and  it  continues  to 
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inereafe  like  the  Moon,  till  it  is  juft  oppo- 
fiteto  the  candle,  when  I fee  the  whole  of 
its  enlightened  lide;  and  then  it  appears 
quite  round,  like  the  full  Moon.  After 
which,  I fee  lefs  and  left  of  its  enlightened 
fide,  which  gradually  decreafes  like  the 
Moon,  until  you  'bring  it  again  between 
me  and  the  candle;  and  then,  the  whole 
ofits’enlightened  iidedifappears,  as  before. 

N.  And  doth  not  this  fhew  very 
plainly,  why  ,the  Moon  mu  ft  appear  to 
us  to  incrcafe  from  the  change  to  the 
full;  and  decreafe  from,  the  full  to  the 
change  ? 

E,  Very  plainly,  indeed:  and,' I think, 

✓ ' 

it  alfo  fhews  that  the  Moon  does  not 
fliine  by  any  light  of  her  own ; but 
only  by  reflecting  the  Sun’s  light  that 
falls  upon  her.  For,  if  fhe  fhone  by  her 
own  light,  wcfhould  always  fee  her  round, 
like  the  Sun. 

' N.  That  is  a very  good  and  juft  ob- 
fervation,  fifter;  and  it  is  a remark  that 

U 2 I miffht 
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I might  poffibly  have  forgotten  to  make. 

E.  But, if  you  had  not  explained  the  dif- 
ferent appearances  of  the  moon  by  means  of  ^ 
a globe  and  a candle  ; how  would  you 
have  done  it  by  a figure  ? 

iV.  Here  is  a figure  for  that  purpofe 
(PLATE  IV.  Fig-.  2),  in  which,  let  6^  re- 
prefent  the  Sun,  E the  Earth,  d/  the 
Moon;  and  abede  fg  ha  the  Moon’s 
orbit,  in  which  fhe  goes  round  the  Earth 
from  change  to  change,  according  to 
the  order  of  the  letter,  that  is,  eaftward  in 
the  heavens ; although  the  Earth’s  daily 
motion  round  its  axis,  the  fame  way,  being 
quicker  than  the  Moon’s  progfeflive  mo- 
tion, makes  her  appear  to  go  round  wed- 
ward.  When  the  Moon  is  at  L,  between 
the  Earth -and  the  Sun,  her  dark  fide  is 
then  toward  the  Earth  ; and  fhe  difappears, 
becaufe  that  lide  refle6fs  no  light.  When 
' fhe  is  at  A^,  a little  of  her  enlightened  lide 
will  be  leen  from  the  Earth  ; and  then  Ihe 
will  appear  horned,  as  at  n.  When  fhe 
is  at  O,  half  her  enlightened  fide  will  be 

toward 
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toward  the  Earth,  and  fhe  will  then  ap- 
pear as  at  0^  or  in  her  firft  quarter,  being 
then  got  a quarter  of  her  orbit  out  from 
between  the  Earth  and  the  Sun.'  When 
fhe  is  at  more  than,  half  of  her  enlight- 
ened fide  is  toward  the  Earth ; and  fhe 
appears  (what  we  call)  gibbous,  as  at  /?. 
When  fhe  is  oppofite  to  the  Sun,  as  at  % 
the  whole  of  her  enlightened  fide  is  toward 
the  Earth ; and  fhe  appears  round  and  full, 
as  at  q. 

E,  Let  me  interrupt  you  a little  here. — 
Pray  how  can  the  Sun  fhine  upon  the  Moon, 
when  the  Earth  is  directly  between  her  and 
the  Sun?  For,  I fhould  think,  that  the 
Earth  would  flop  the  Sun’s  light  from  go- 
ing to  the  Moon. 

N.  It  docs  fometimes ; and  tlien  the 
Moon  is  eclipfed ; and  fometimes  the  Moon 
comes  dire^ly  between  the  Earth  and  the 
Sun  at  the  time-  of  her  change,*  and  then 
we  fay,  the  Sun  is  eclipfed.  But  we  fliall 
talk  of  thofe  matters  afterwards. 

I 

, E.  I am  very  glad  of  it ; and  now^,  Sir, 
pray  proceed.  , . ' 

K When 
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N.  When  the  Moon  is  at  R in  her  orbit, 
part  of  her  enlightened  fide  is  turned  away 
from  the  Earth  ; and  fhe  appears  gibbous 
again,  as  at  When  fire  is  at  7"  (three 
j quarters  round  her  orb'it  - from  between  the 
Earth  and  the  Sun)  half  of  her  light'  and 
and  half  of  her 'dark  lide  is  toward  the 
Earth,  and  llie  appears  half  decreafed,  or 
in  her  third  quarter,  as  at  /.  When  fhe  is’ 
at  U in  her  orbit,  the  greateft  part  of  her 
enlightened  fide  is  turned  away  from  the 
Earth  • and  fhe  appears  horned,  as  at  u. — 
And  when  fhe  is  between  the  Earth  and 
the  Sun  again,  as  at  J/,  fhe  is  quite  invifi- 
ble ; becaufe  the  whole  of  her  unenlightened 
fide  is  then  toward  the  Earth. 

E*  This  does  well ; but  I like  the  candle 
and  ball  hill  better. 

An  For  this  very  good  reafon,  that  they 
are  more  like  the  works  of  nature  than  any 
figures  we  can  draw  on  paper. 

E,  Flow  long  is  the  Moon  in  going 
round  her  orbit  from  change  to  change  ? 

» N,  Twenty- 
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AL  Twenty-nine  days,  twelve  hours, 
forty-four  minutes,  tliree  feconds. 

E.  And  what  is  her  diftance  from  the 
Earth’s  center  ? 

N.  Two  hundred  and  forty  thoufand  - 
EngliQi  miles. 

.E.  How  many  times  would^take  round 
the  Earth,  to  go  round  the  Moon’s  orbit  ? 

Ah  Sixty  times  : and  tliereforc,  every 
degree  of  the  Moon's  orbit  is  equal  in 
/ length  to  60  degrees  of  a great  circle  (or 
4153  miles)  on  the  Earth’s  furface.  .. 

E.  Wliat  is  t'lic  Moon’s  diameter:  and 

i 

in  what  proportion  is  it  to  the  Earth’s? 

Ah  The  Moon’s  diameter  is  1 83^  miles; 
and  it  is  in  proportion  to  the  Earth’s  dia- 
meter as  100  are  to  365,  or  asiiO  to  73. 

E.  What  are  thole  fpots  which  we  fee 
on  thiC  Moon?  I think  ] have  heard  fome 
people  fay  that  they  are  fcas. 

Ah  So  they  were  thought  to  be,  before 
there  were  good  telefcopes  to  view  the  , 

Aloon 
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Moon  by.  But  now  they  are  found  to  be 
only  darker  places  of  the  land  in  the  Moon, 
which  do  not  refle6t  the  Sun’s  light  fo 
copiouQy  as  the  whiter  parts  do.  For  we 
lee  they  are  full  of  pits  and  deep  valleys  . 
but  if  they  werefeas,  they  would  have  even 
and  finooth  furfaces. 

t 

E.  So  they  certainly  would,  brother. — 

But  as  it  may  be  known  by  thefe  fpots 

' whether  the  Moon  turns  round  her  own 

axis  or  not; — if  Ihe  does  turn  round,  I 

fhould  be  glad  to  know  in  what'  time  ; 

becaule  I fhould  thereby  know  the  length 

of  her  days  and  nights. 

N,  She  turns  round  her  axis  exadlly  in 

the  time  fhe  goes  round  her  orbit ; and  this 

we  know  by  her  keeping  always  the  fame 

fide  toward  the  Earth. 

E.  Then  fhe  can  have  only  one  day  and 

one  night  between  change  and  change,  or 

in  29  days,  12  hours,  44  minutes,  3 feconds 

/ 

of  our  time. 

N,  Exa£Uy  fo. 

E.  And  is  her  axis  inclined  to  her  orbit, 
as  our  Earth’s  is  to  its  orbit  ? 

X No ; 
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N,  No  : her  axis  is  perpendicular  to 
the  ecliptic,  in  which  the  Earth  moves  ; 
and  nearly  perpendicular  to  her  own  orbit. 

E.  Then  her  days  and  nights  muft  al- 
ways be  equally  lojng ; and  flie  can  have  no 
different  feafons  ? ' 

r V 

uV.  You  are  very  right,  Endosia, 

E,  But  pray,  brother,  how  is  it  poffible 
that  we  can  fee  only  one  and  the  fame  fide  ^ 
of  the  Moon,  at  all  times,  if  fhe  turn 
round  her  axis  ? — For,  I fhould  think, 
that  if  fhe  has  fuch  a motion^  we  mull  fee 
all  her  (ides. 

\ 

N,  Take  up  that  little  globe  by  its 
axis,  between  your  fore  finger  and 
thumb. 

E.  There  it  is. 

JV.  Now,  hold  its  axis,  without  turning, 
(as  you  hold  your  pen  when  you  write)  and 
carry  it  round  the  ink-horn  on  the  table.  ^ 

E.  I do. 

N.  And  do  you  not  fee,  thkt  as  you 
carry  the  gl6be  round,  without  turning  it 

X 


at 
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at  all  on  its  axis,  all  (Ides  are  fucceffively 
fhewn  to  the  ink  horn  ? 

E,  They  are  indeed. 

N,  Carry  it  round  the  ink-horn  again  ; 
and  try  whether  you  can  make  it  ftill  keep 
one  and  the  fame  fide  toward  the  ink-horn, 
without  turning  round  on  its  axis,  by  turn- 
ing the  axis  round  between  your  fore  finger 
and  thumb. 

E,  I find  it-impofiible  to  do  fb  : — for  in 
each  revolution  of  the  globe  about  the  ink- 
horn,  in  order  to  make  the  globe  keep  ftill 
the  fame  fide  toward  it,  I am  obliged  to 
turn  the  axis  once  round  betwixt  my  finger 
and  thumb : and,  as  the  axis  is  fixt  in  the 
globe,  I cannot  turn  the  axis  round  with- 
out turning  the  globe  round  too. 

N*  Well,  fiftcr,  feeing  that  the  Moon 
goes  round  the  Earth  in  her  orbit,  as  you 
carry  the  globe  round  the  ink-horn  ; is 
not  her  keeping  the  fame  fide  always  to- 
ward the  Earth  a full  proof  of  her  turning 
round  her  axis  ? 


E.  It 
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E,  It  certainly  is:  and  I can  alfo  fee, 
that  as  the  Sun  is  on  the  outfide  of  the 
Moon’s  orbit,  her  keeping  always  the  fame 
fide  toward  the  Earth,makes  her  fhew  her- 

I 

felf  all  round  to  the  Sun  between  change 
and  change. — For,  in  the  time  thalt  I carried 
the  globe  round  the  ink-horn,  and  kept  al- 
ways the  fame  fide  toward  it ; you,  who 

« 

were  on  the  out-fide  of  the  circle  in  which 
I carried  the  globe  fo  round,  faw  all  its  fides. 

iST.  You  are  very  right.^ But  I am 

forry  to  hear  our  breakfaft-bell : for  we 
have  hot  yet  done  with  the  Moon. 


X 2 


DIALOGUE 


156 


THE  YOUNG  GENTLEMAN  AND 


DIALOGUE  VII. 


On  the  moon’s  motion  round  the  EARTH  and  SUN ; and 
the  ECLIPSES  of  the  SUN  and  MOON.  , 


Nca?ida\ 

So,  fiflcr ; — if  yellerday  had  not  been 
Sunday,  I believe  you  would  not  have  giv- 
en yourfelf  lhat  day’s  reft  from  your  aftro- 
nomical  ftudies.  , 

Eudosia.  To  me,  brother,  thele  ftudies 
are  recreations,  which  I efteem  better  than 
bare  reft.  And,  on  Sunday  we  reft  not; 
but  are  better  employed  in  the  duties  of 
the  day,  than  we  generally  arc  on  aft' the 

pther  days  of  the  week.. 

, iV.  True; 
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A^.  True ; and  therein  our  duty  is  clojfely 

conneftcd  with  our  intcreft. Shall  we 

now  refume  our  fubject  about  the  Moon  ? 
as  I told  you,  lad  Saturday  morning,  that 
wc  bad  not  done  with  her. 

K,  If  you  pleafe,  Sir. 

iY.  Then  you  mud  always  dart  the  game ; 
and  when  that  is  done,  we  will  purfuc  it. 

E,  I think  the  Moon  would  always  ap- 
pear full  as  feen  from  the  Sun,  if  fhe  were 
big  enough  to  be  leeu  by  aiiobferver  placed 
on  the  Sun’s  furface. 

N.  She  certainly  would  ; becaufc,  which- 
ever fide  of  her  is  turned  toward  the  Sun 
at  any  time,  lide  would  be  fully  en- 
lightened by  the  Sun. 

E.  And  I imagine,  that  if  an  obferver 
' were  placed  on  thefde  of  the  Moon  which 
always  keeps  toward  the  Earth,  the  Earth 
would  appear  to  him  in  all  the  different 
ihapes  that  the  Moon  does  to  us.  Only, 
that  when  the  Moon  is  7ino  to  us,  the  Earth 
would  he  full  to  the  Moon;  and  when  the 
Moon  isfull  to  us,  the  Earth  would  difap. 
pear,  or  be  nac  to  the  Moon. 


a:  What 
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N*  What  reafon  have  you  for  thinking 
fo,  Rudasia  ? 

E,  Eecaufe,  which-ever  fide  of  the 
Earth  or  Moon  is  turned  toward  the 
Sun  at  any  time,  that  .fide  is  then  enlight- 
ened by  the  Sun.  And  therefore,  when 
the  dark  fide  of  the  Moon  M ( Fig.  2.  of 
PLATE  IV.)  is  toward  the  Earth  E,  the 
enlightened  fide  of  the  Earth  is  then  fully 
toward  the  Moon  ; and  muft  appear  to 
lier  like  a great  full  Moon.  And  when 
the  enlightened  fide  of  the  Moon  at  £ is 
fully  toward  the  Earth,  the  dark  fide  of 
the  Earth  is  toward  the  Moon;  and  there- 
fore it  cannot  appear  to  the  Moon,  as  the 
Moon  at  M does  not  appear  to  us.  And 
farther,  when  the  Moon  appears  half  full 
to  us  (or  in  her  firft  quarter)  at  O,  the 
Earth  muil  appear  half  decreafed  to  the 
Moon,  being  then  half  way  between  its 
full  and  change,  as  feen  from  her.  And 
lafily,  when  the  Moon  is  in  her  third 
quarter  at  T,  as  feen  from  the  Earth,  the 

Earth 
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Earth  mu fl  appear  as  in  her  fii ft  quarter 
to  the  Moon  ; it  being  then  the  middle 
time  between  the  new  and  full  Earth, 
as  feen  from  the  Moon. 

You  are  exa6lly  right,  Gfter:  and 
as  the  furface  of  the  Earth  is  13  times 

m 

as  large  as  the  furface  of  the  Moon;  when 
- the  Earth  is  full  to  the  Moon,  its  furface 
appears  13  times  as  big  to  the  Moon,  as 
the  furface  of  the  full  Moon  does  to  us. 

, £.  If  the  Moon  be  inhabited  on  the 

i 

fide  which  always  keeps  toward  the  Earth, 
I think  thefe  inhabitants  may  as  eafiiy 
find  their  Longitude  as  we  can  find  our 
Latitude. 

N.  Tell  me  how  : and  if  you  can  make 
that  out,  1 fhall  fay  you  tkin/c  very  well. 

E.  When  you  explained  the  Longitude 
to  me,  you  made  me  underftand,  that 
if  there  were  a vifible  meridian  in  the 
Heaven,  keeping  always  over  one  and 
the  fame  meridian  on  the  Earth,  (which 
it  would  do  if  it  revolved  eaftward  in 
hours  as  t he  Earth  does)  the  Longitude 

of 
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of  any  other  meridian  of  the  Earth  from 
i/iat  meridian,  might  as  ealily  be  found, 
as  the  elevation  of  the  pole  above  the 
horizon  is  found. — Now,  feeing  that  the 
Moon  keeps  always  one  and  the  fame 
lide  toward  the  Earth,  ’tis  plain,  that  the 
Earth  will  be  always  over  an  obferver’s 
head  who  is  on  that  part  of  the  Moon’s 
furface  which  feems  to  us  to  be  her  cen- 
ter. And  therefore,  if  Longitude  on  the 
Moon  were  reckoned  from  • the  meridian 
of  that  obferver,  tliofe  on  all  her  other 
meridians  on  the  fame  lide  might  find 
how  many  degrees  lie  between  their  me- 
ridian and  that  which  is  under  the  Earth, 
by  obforving  how  many  degrees  the  Earth 
is  Eaft  or.  Weft  of  their  meridian.  But, 
as  thofe  inhabitants  who  live  on  what 
we  call  the  back  of  the  Moon,  never  fee 
the  Earth,  tliey  are  deprived  of  that  eafy 
method  of  finding  their  Longitudes. 

N'.  Truly,  ftfter,  I ought  to  make  you 
a very  fine  speech  for  that  thought:  but 

having  no  talent  that  way,  all  I (hall 

fav 
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fay  is,  that  I am  very  well  pleafed  by  it. 

E.  I am  very  glad  to  hear  you  fay  fo, 
becaufe  you  thereby  aifure  tne  that  I am 
right. — But  no*w  a difficulty  occurs  to  my 
mind,  which  I beg  you  will  remove. 

N.  Only  tell  it  me ; and  I will  remove 
it  if  I can. 

The  Moon  goes  round  the  Earth 
every  month ; and  as  the  Earth  goes  round 
• the  Sun  in  a year,  the  Moon  mull  do  fo 

too. How  happens  it,  that  the  Earth, 

by  moving  at  the  rate  of  68,000  miles 
every  hour  in  its  orbit,  does  not  go  off, 
and  leave  the  Moon  behind. 

N.  The  Moon  is  within  the  Iphere  of 
the  Earth’s  attra6Uon : and  therefore,  let 
the  Earth  move  in  its  orbit  as  faft  as  it 
will,  the  Moon  muft  accompany  it.  For 
you  know,  that  if  you  put  a pebble  in- 
to a fling,  and  whirl  it  round  your  head, 
the  pebble  will  go  round  and  round 
your  head,  whether  you  Rand  Bill  in 
-one  and  the  fame -place,  or  whether  you 

Y ' walk 
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I 

f 

walk  dire61:ly  forward,  or  go  round  the 
circumference  of  a large  circle.  And  the 
tendency  of  the  pebble  to  fly  off,  and  the 
force  with  which  you  hold  the  firing  to 
confine  the  pebble  in  its  orbit,  will  be 
the  fame  in  one  cafe  as^  in  the  other. 

E.  I thank  you,  brother,  for  having 
fet  me  right  in  this  matter ; and  at  the 
fame  time  for  convincing  me,  by  the 
fimile,  that  the  Moon’s  centrifugal  forCt‘, 
or  tendency  to  fly  out  of  her  orbit,  is 
equal  to  the  power  by  which  the  Earth 
attra61s  her,  and  thereby  retains  her  in 
her  orbit : for,  if  her  centrifugal  force 

were  greater  than  the  Earth’s  attra6licn, 
fhe  would  fly  out  of  her  orbit,  and  fo 
abandon  the  Earth.  And  if  her  centri- 
fugal force  were  lefs  than  the  power  by 
which  the  Earth  attracts  her,  fhe  would 
come  nearer  and  nearer  the  Earth  in 
every  revolution,  and  would  fall  upon  it 
at  laft. 

N.  I find,  dear  Eudosia^  that  you  very 
feldom  need  to  be  fet  right:  and  when 

I do 
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I do,  you  always  improve  upon  it,  by  ' 
making  farther  obfervations. 

E.  By  the  \ai\  figure  you  explained 
it  would  feem,  that  the  Moon  goesjuil 
round  her  orbit  between  change  and  change. 
But  I think,  that  as  both  the  Earth  and 
Moon  go  round  the  Sun  in  a year,  the 
Moon  muft  not  only  go  round  her  orbit 
between  change  and  change,  but  even 
advance,  as  many  more  degrees  as  the 
Earth  has  moved  in  its  orbit  during  that  ' 
time,  in  order  to  be  again  in  conjun6lion 
with  the  Sun.  For,  in  whatever  part 
of  the  dial-plate  of  my  watch  I find 
the  hour  and  minute  hands  in  coniun6lion, 

I obferve  that  the  minute-hand  mufi  go 
as  much  more  than  round  to  the  fame 
point  again,  before  it  overtakes  t]ie  hour- 
hand,  as  the  houi'duuid  advances  in  the 
interval  betw^een  its  lafi  conjun6Hon  with 
the  minute-hand  and  its  next. 

N.  You  are  very  right ; and  your  in- 
ference from  the  hour  and  minute-hands 
i;fi  the  watch  is  full  as  good  as  mine 

. Y 2 . from 
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from  the  pebble  and  fling.  I drew  a figure 
lafl:  Saturday  afternoon,  in  order  to  ex- 
plain this  matter  to  you  by  it.  But,  as 
you  underftand  the  thing  fo  well  already, 
we  have  no  occafion  for  the  figure. 

E.  Nay,  brother! — I beg  you  will  fhew 
me  the'  figure,  and  explain  it  too,  if  your 
time  will  permit. 

N.  Then,  here  it  is:  (PLATE  V.  Fig.  1) 
Let  A BCD  EFG  ho,  one  half  of  the  Earth’s 
orbit ; whicL  will  do  as  well  for  us, 
juft  novy,  as  if  the  whole  of  it  had  been 
drawn.  Let  S be  the  Sun,  a the  Earth, 
h the  Moon  when  new,  or  between  the 

s 

Earth  and  the  Sun ; and  i k I the  Moon’s 
orbit,  in  which  flh^e  goes  round  the  Earth 
according  to  the  order  of  the  letters  h i 
k I : and  let  the  Earth,  together  with  the 
Moon  and  her  (imaginary)  orbit,  go  round 
the  Sun  in  a year. 

Draw  a diameter  k h of  the  Moon’s 
orbit,  v/hen  the  Earth  is  at  a;  fo  as,  if 
that  line  were'  continued,  it  would  go 
on  ftraight  to  the  Sun’s  center  S:  Tis 

plain,  that  when  the  Moon  is  in  the  end 

h of 
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h of  that  line,  Hje  muft  be  new,  or  be. 
tween  the  Earth  and  the  bun. 

As  the  Eartli  moves  on,  from  a to 
fi'oin  b to  e,  from  c to  r/,  from  d to 
■ See.  the  faid  diameter  X:  /z,  /c  A,  A /z,  A /z,  will 
flill  continue  parallel  to  the  poiition  A /z, 
that  it  had  when  the  Earth  was  at  a: 
that  is,  it  will  alv/ays  keep  perpendicu- 
lar to  the  bottom-line  11  I of  the  plate. 
And  therefore,  if  it  pointed  o?ice  toward 
a fixed  fiar,  whofe  di/lance  from  the  Sun 
jfis  fo  great,  that  the  whole  diameter  of 
the  Earth’s  orbit  bears  no  fenfible  propor- 
tion to  that  diftance  (which  is  really  the 
cafe),  ^ the  point //  would  always  keep  be- 
tween the  Earth  and  the  fame  flar. 

£.  1 underfland  you  very  well:  but 

do  you  fay.  The  stars  are  fixed  ? 

N.  I do  fay  fo  ; and  will  convince  you 
afterward  that  tbey  are. 

E:  I beg  pardon  for  interrupting  you 

fo  often. — Pray,  now  proceed. 

N.  In  the  time  the  Moon  goes  round 
from  h to  h again,  in  dirc61ion  /z  i A I /z,  • 
fhe  goes  quite  round  her  orbit;  which 
Ihe  would  always  do  between  change 
• . ' and 
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and  change,  if  the  Earth  always  remain- 
ed at  a. 

But  as  the  Earth  advances  as  far  in 
its  orbit  as  from  a to  between  any 
change  of  the  Moon  and  the  next  that 
fucceeds  it,  ’tis  plain,  that  when  the 
Earth  is  at  and  the  Moon  new  at 
fhe  will  have  gone  more  than  round  her 
orbit  from  h to  h again,  by  the  fpace 
h m.  And  as  all  circles,  be  they  ever 
fo  great  or  ever  fo  fmall,  contain  360 
degrees  (a  degree  being  not  limited  by 
any_ certain  number  of  miles,  but  by  the 
length  of  the  360th  part  of  a circle^  the 
Ipace  h My  by  which  the  Moon  has  gone 
more  than  round  her  orbit,  from  her  change 
at  h to  her  change  at  will  contain 
juft  as  many  degrees  and  parts  of  a degree, 
as  the  Eartli  has  moved  in  that  time  from 
a to  bin  its  orbit. 

At  the  fecond  change  of  the  Moon  from 
A,  the  Earth  will  be  at  c,  and  the  Moon  at 
71  : by  which  time  fhe  will  have  gone  twice 
round  her  orbit  from  h to  h again,  and  as 
much  more  as  the  fpace  or  part  h 7i  of  her 
orbit  contains,  iwliich  conftfts  of  as  many 

degrees 
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degrees  as  the  part  ab  c of  the  Earth^s  orbit 
does. — And  fb  on,  through  the  whole  fi- 
gure. 

E,  I fee  all  this  very  plainly  ; and  that 
the  figure  includes  fix  changes  of  the  Moon, 
as  from  h to  from  m to  n.  from  n to 
from  0 to  />,  from  p to  and  from  q to  i\ — . 
But  at  the  last  of  thefe  changes,  it  feems 
’(by  the  figure)  that  the  Earth  has  not  gone 
half  way  round  the  Sun  : for  the  laft  line 
of  conjun6Uon  S r g is  not  quite  even  with 
the  firft  line  of  conjunclion  a k S. 

N,  Nor  fhould  it  be  ; for  if  it  be  right- 
iy  drawn  (and  I find  I muft  take  care  how 
I draw  figures  for  you),  it  muft  want  57t 
degrees  of  the  Earth’s  progrefiive  motion 
in  half  a-  year.  For  fix  courfes  of  the 
Moon,  from  change  to  change,  contain  on- 
ly 177  days,  4 hours,  minutes,  18  fe- 
conds,  which  want  5 days,  7 hours,  35  mi. 
nutes,  42  fecoiids,  of  182  days,  12  hours, 
whicn  is  the  half  of  a common  year.  And, 
in,  that  difference  of  time  the  Earth  moves 

fomc- 
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fomewhat  Vnore  than  5 degrees  in  its  orbit. 

E.  I remember  you  told  me  that  the 
time  from  change  to  change  is  29.  days,  12  - 
hours,  44  minutes,  .3  feconds  : Pray  in 
what  time  does  the  Moon  go  round  her 
orbit  ? 

N.  In  27  days,  7 hours,  43  minutes,  5 
feconds. 

E»  And  how  far  doth  the  Earth  move 
in  its  orbit  between  change  and  change  of 
the  Moon  ? 

N.  Twenty-nine  degrees,  fix  minutes, 
twenty-five  feconds. — And  here  you  are  to 
underftand  that  a minute  is  the  60th  part 
of  a degree,  and  a fecond  is  the  60th  part 
of  a minute. 

E-  Then, ’tis  plain,  that  between  change 
and  change,  the  Moon  goes  29  degrees,  6 
minutes,  25  leconds,  more  than  round  her 
orbit. 

iV.  True  Kudos  la ; and  now  I have  only 
to  tell  you  farther,  on  this  fubjedt,  that 
the  Moon’s  round  her  orbit  is  call- 

ed her  periodical  revoiution  ; and  that  her' 
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going  round  from  change  to  change  is  called  her 
,sj/nodical  r evolution, 

E,  I thank  you.  Sir,  for  having  told  me 
fo  much. — But  are  you  not  tired  at  prefent 
with  hearing  and  anfwering  my  queftions  ? 

iV.  Very  far  from  it — I love  thefe  fub- 
je6ls;  and  my  talking  with  you  about  them 
will  keep  me  from  forgetting  them: 

E Then,  I fhould  be  exceedingly  glad  to 
know  fomething  about  eclipfes. 

N,  You  fhall  know  that  Very  foon. — 
In  Fig,  2.  of  PLATE  V.  let  S be  the  Sun, 
M the  Moon,  and  E the  Earth ; ah  c d 
the  Moon’s  orbit,  in  which  fhe  moves 
according  to  the  order  of  the  letters;  and 
C I)  d D a part  of  the  Earth’s  orbit, 
wherein  it  moves  in  the  dire6lion  C D, — 
the  Moon  is  new  when  fhe  is  at  T/,  and 
full  when  fhe  is  at  m. 

Draw  the  ftraight  line  A e E from  the 
eaftern  edge  of  the  Sun,  clofe  by  the 
eaflern  edge  of  the  Moon,  to  the  Earth 
E : then  draw  the  flraight  line  B e E from 
the  weftern  edge  of  the  Sun,  clofe  by  the 
wehern  edge  of  the  Moon,  to  the  Earth 

Z E,  let 
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E\  let  thefe  lines  be  fuppofed  to  turn 
round  the  middle  line  and  thefpaee 

within  them,  between  the  Moon  and  the 
Earth,  will  include  the  Moon’s  dark  fha- 
clow,  which  is  of  a conical  figure,  (like  an 
inverted  fugar-loaf)  and  covers  only  a fmall 
part*  of  the  Earth’s  furface  at  E : and  only 
from  that  fmall  part  the  Sun  will  be  quite 
hid  by  the  Moon,  and  appear  to  be  totally 
eclipfed;  and  it  can  be  quite  dark  only  at 
that  part,  becaufe  the  Moon  flops  not  the 
whole  of  the  Sun’s  light  at  that  inftant  of 
time,  from  any  other  part  of  the  Earth. — 
Tis  evident,  that  if  the  Moon  were  nearer 
the  Earth,  her  dark  fhadow  would  cover  a^ 
large  part  of  its  furface  : and  if  fhe  were 
farther  from  the  Earth,  her  fhadow  would 
end  in  a point,  fhort  of  the  Earth’s  furface; 
and  then  fhe  could  not  hide  the  whole  body 
of  the  Sun  from  any  part  of  the  Earth  ; and 
thofe  who  were  juft  under  the  point  of  the 
dark  fhadow  would  fee  the  edge  of  the 
Sun,  like  a fine  luminous  ring,  all  round 
the  dark  body  of  the  Moon. 


But 
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But  although  the  Moon  can  hide  the 
whole  body  of  the  Sun  only  from  a fmall 
part  of  the  Earth,  at  any  time,  when  the 
Sun  appears  to  be  thus  eclipfed  by  the 
Moon  ; yet,  in  all  fuch  Eclipfes,  the  Moon 
hides  more  or  lefs  of  the  Sun  from  a very 
large  proportion  of  the  Earth’s  furface.  For, 

Draw  the  flraight  line  A f o from  the 
eaftern  edge  of  the  Sun,  clofe  by  the  weftern 
edge  of  the  Moon,  to  the  Earth  at  o. — 
Then  draw  the  ftraight  line  B f n from  the 
weftern  edge  of  the  Sun,  dole  by  the  eaftern 
edge  of  the  Moon,  to  the  Earth  at  n.  Let 
thefe  lines  {A  f o and  ?z)  be  fuppofed  to 
•turn  round  the  middle  line  F Al and  their 
ends  {n  and  o)  will  describe  a large  circle  on 
the  Earth’s  furface,  around  E ; within  the 
whole  of  which  circle,  the  Sun*  will  ap- 
pear to  be  more  or  lefs  eclipfed  by  the 
Moon  at  T/,  as  the  places  within  that 
circle  are  more  or  lels  diftant  from  its 
center'  E,  where  the  dark  fhadow  falls. 
For,  when  the  Moon  is  at  J/,  an  obfer- 
ver  on  the  Earth  at  n will  fee  the  eaftern 

edge 
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edge  of  the  Moon,  jui^,  as  it  were,  touching 
the  weftern  edge  of  the  Sun  at  B ; and  an 
obferver  at  o will  fee  the  weftern  edge  of 
the  Moon,  juft,  as  it  were,  touching  the  ea- 
ftern  edge  of  the  Sun  : but  to  all  the  places 
between  n and  the  Moon  will  hide  a part, 
or  the  whole^of  the  Sun,  according  as  they 
lie  between  n and  E,  or  between  o and  E, 
or  dire6tly  at  E, — This  fiant  fhadow,  all 
round  the  dark  one;  from  71  to  o,  on  the 
Earth’s  furface,  is  called  the  Penumbra^  pr 
partial  fhadow  of  the  Mopn. 

JU.  How  many  miles  are  contained  in 
the  diameter  of  the  circle  which  the 

i 

Penumbra  fills  on  the  Earth’s  furface? 

iV.  About,  4700,  when  its  center  falls 
dire6lly  in  a right  line  from  the  Sun’s  cen- 
ter to  the  Earth’s  at  a naean  rate, — But 
when  the  Penumbra  falls  obliquely  on' the 
Earth’s  furface,  its  figure  thereon  will  be 
ecliptical ; and  then,  the  fpace  that  it  covers 
will  be  much  larger ; efpecially  if  the  Moon 
be  then  at  her  leaft  diftance  from  the  Earth. 

E,  What ! 
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E.  What ! brother ; is  not  the  Moon’s 
diftance  from  the  Earth  always  the  fame'? 

N.  Bv  no  means  : for  the  Moon’s  orbit  is 
of  an  elliptical  (^or  oval)  fignre ; and  every 
elliplis  has  two  centers,  which  are  between 
the  middle  and  the  ends  of  itslongell:  dia- 
meter;  and  the  Earth’s  center  is  one  of  the 
centers  (or,  as  tho/  arc  called^  focuses)‘of  the 
Moon’s  elliptical  orbit. — So  that  when  I 
formerly  told  you,  that  tlie  Moon’s  dilhince 
from  the  Earth’s  center  is  240,000  miles,  I 
only  meant  her  m(‘an  (or  middle)  distance 
between  her  greateft  and  leaf  difanccs. 

E,  Then  I nnderfland,  that  the* Moon’s 
difta'nce  from  the  Earth  mud  be  continu- 
ally changing. But  fuppoling  the  Sun 

to  be  eclipf^d  when  the  Moon  is  at  her  lead 
didance  from  the  Earth  ; what  is  the  dia- 
meter of  the  fpot  upon  the  Earth’s  furfacc 
that  would  be  quite  covered  by  the  Moon’s 
dark  fhadow  ; from  all  parts  of  which  fpot 
the  Sun  would  be  totally  hid  by  the  Moon  ? 

N-  About  I SO  miles. 


E,  As 
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E.  As  the  Moon’s  diflance  from  the  Earth 
is  little  more  than  a 39(7th  part  of  the  Sun’s 
diflance  from  it,  (as  1 have  computed)  I 
fuppofe  the  Moon’s  fbadow  at  the  Earth 
will  move  almoil  as  fall  as  the  Moon  moves 
in  her  orbit. — Pray,  in  what  time  will  the 
dark  part  of  the  fbadow  move  over  about 
180  miles  of 'the  Earth’s  furface? 

N,  In  four  minutes  and  a half ; and 
would  go  over  that  fpace  fooner,  if  the 
Earth’s  motion  round  its  axis,  (which  is 
eaftward,  and  confequently  the  fame  way 
that  the  Moon’s  fbadow  goes  over  the  Earth) 

did  not  keep  the  place  on  which  the  fha-^ 

\ 

dow  falls  longer  in  the  fbadow  than  it 
would  be,  if  the  Earth  had  no  fuch 
motion.  f ‘ 

E,  Then  an  eclipfe  of  the  Sun  can 
never  continue  total  above  four  minutes 
and  an  half^  at  any  place  of  the  Earth  ? 

N,  It  never  can,  even  when  it  falls  on 
the  Equator,  where  the  parts  of  the 
Earth’s  furface  move  the  quickefl  of  all. 
And  when  it  falls  upon  any  part  of 

Britain, 
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Britain,  whofe  motion  is  flower,  becaufe  it 
is  nearer  the  motionlefs  pole,  it  would  be 
fooner  over. 

E.  How  then  could  the  Sun  be  darkened 
fo  long  as  three  hours,  at  the  time  of  our 
saviour’s  crucifixion,  as  it  is  mentioned 
to  be  in  the  Gofpels  ? 

iV.  There  is  no  way  of  accounting  for 
that  darknefs,  upon  aftronomical  principles: 
for  it  was  entirely  out  of  the  common  courfe 
of  nature  ? 

E.  How  do  you  prove  that  it  was  out 
of  the  common  courfe  of  nature  ? 

N,  Becaufe  our  Saviour  was  crucified  on 
a full  Moon  day  ; and  then,  the  Moon  be- 
ing oppofite  to  the  Sun,  could  not  poflibly 
hide  the  Sun  from  any  part  of  the  Earth. 

E.  I fliould  be  very  glad  to  know  how 
you  can  prove, ' that  the  crucifixion  was  on 
a full  Moon  day. 

N-  Becaufe  it  was  at  the  time  of  the 
Pallbver ; and  the  Paffover  was  always 
kept  at  the  time  of  full  Moon. 

E.  You  have  made  this  very  clear. — 
And  now,  if  you  pleafe,  I fhould  be 

glad 
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glad  to  have  the  caufe  of  the  Moon’s  eclipfes 
explained. 

iV.  In  the  fame  figure,  draw  the  ftraight 
line  Age  from  the  eaftern  edge  of  the  Sun, 
clofe  by  the  eafiern  edge  of  the  Earth  at 
g ; and  the  flraight  line  B-h  k from  the 
weflcrn  edge  ofthe  Sun,  clofe  by  the[weftern 
edge  of  the  Earth  at  k. — Let  thefe  two 
lines  be  fuppofed  to  turn  round  the  mid- 
dle line  F M and  they  will  include 
the  fpace  between  the  part  which  is 
filled  by  the,  Earth’s  fiiadow  c k h — ’Tis 
plain,  that,  when  the  Moon  is  at  m in  her 
orbit,  fhe  is  totally  covered  by  the  Earth’s  ' 
fhadow  and  eclipled  by  it ; as  it  mull  then 
fall  upon  her,  becaufe  the  Earth  is  between 
her  and  the  Sun. 

E.  But  how  is  it,  that  the  Moon  is 
at  all  vifible,  when  the  Earth  muft  en- 
tirely Hop  the  Sun’s  light  from  falling 
upon  her ; and  file  ,has  no  light  of  her 
own  ? For,  the  fame  fide  of  the  Moon 
that  is  toward  the  Earth  at  her  change, 
is  alfo  toward  the  Earth  at  her  full. — 
And,  as  we  cannot  fee  her  at  the  change, 

I fiiould  think  we  could  not  fee  her 

when 
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when  fhe  is  totally  cclipfed  ; bccaufe 
lide  of  her  which  is  dark  in  the  former  cafe, 
when  the  Sun  cannot  fhine  upon  it,  fhouid 
he  as  dark  in  the  latter,  when  the  Earth  in- 
tercepts the  Sun’s  rays  from  it. — But  the 
Moon  was  very  vilibleinherlad  total  eel i pie; 
for  I faw  her,  and  fhe  appeared  of  a colour 
fomewhat  like  that  of  tarnifhed  copper. 

N,  You  are  very  fhrewd  in  your  remarks, 
filler  : — and  I will  tell  you  why  the  Moon 
is  not  invifible  when  fhe  is  totally  eclipfed. 

The  air,  or  atmofphere,  which  furrounds 
the  Earth,  to  the  height  of  about  47  miles, 
is  the  caufe  of  this.  For,  all  the  ravs  of 
the  Sun’s  light  which  pafs  through  the  at- 
mofphere, all  round  the  Earth,  in  the  boun- 
dary  (g  h)o^  light  and  darknefs,  are,  by  the 
atmofphere,  bent  in  ward,  to  ward  the  middle 
of  the  Earth’s  fhadow  : and  thole  rays,  fb 
mixed  with  the  fhadow,  fall  upon  the  Moon, 
and  do  enlighten  lier  in  fome  fmall  de- 
gree. She  reflefts  the  rays  back  to  the 
Earth  which  fall  upon  her,  and  fo  fhe, 

A a 
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is  viBble  only  on  that  account.  For,  if  the 
Earth  had  no  atmofphere,  its  fhadov/  would 
be  quite  dark  ; and  the  Moon  would  be  as 
invilible,  when  fhe  is  totally  immerled 
therein,  as  fhe  is  at  the  time  of  her  change. 

E-  1 thank  you,  brother,  for  all  thefe  in- 
formations ; but  I flill  want  mere. 

E,  Only  fay  v/hat  they  are  ; and  I will 
inform  you  if  I can,  ^ 

E.  I fee  plainly  by  the  figure,  that  the 
Sun  can  never  be  eclipfed  (in  a natural  way) 
but  at  the  time  of  the  new  Moon  ; becaufe 
the  Moon's  fhadow  cannot  fall  upon  the 
Earth  at  any  other  time-;  and  that  the 
Moon  can  never  be  eclipfed  but  when  fhe 
' is  full ; becaufe  that  is  the  only  time  when 
the  Earth's  fhadow  can  fall  upon  her.  But 
though  we  have  a new  and  a full  Moon  in 
every  month  of  the  year,  I find  my  alma- 
nack mentions  but  very  few  eclipfes ; and 
generally,  about  half  a year  between  the 
times  of  their  happening. 

E,  If  the  Moon's  orbit  a b c k d a lay 
exactly  even  (or  in  the  fame  plane)  with 

the 
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tl»e  Earth’s  orbit  C ^ d as  it  is  drawn  on 
the  fiat  paper,  the  Sun  would  be  eclipfed  at 

the  time  of  every  new  Moon,  and  the  Moon 

0 

at  the  time  of  every  full.  But  one  half  of 
the  Moon’s  orbit  lies  on  the  North  fide  of 
the  plane  of  the  Earth’s  orbit,  and  the  other 
half  on  the  South -fide  of  it:  and  confe- 
qiiently,  the  Moon’s  orbit  only  croffes  the 

Earth’s  orbit  in  two  oppolite  points. 

When  either  of  thefe  points  are  between  the 
Earth  and  the  Sun,  or  nearly  fo,at  the  time 
of  new  or  full  Moon,  the  Sun  or  Moon 
will  be  eclipfed  accordingly.  But  at  all 
other  new  Moons,  the  Moon  either  palfeth 
above  or  below  the  Sun,  as  feen  from  the 
Earth  : and,  at  all  other  full  Moons,  the 
Moon  either  palfeth  above  or  below  the 
Earth’s  fhadow.  One  of  thofe  points  is 
called  the  Ascending  Node  of  the  Moon’s' 
orbit ; becaufe,  when  the  Moon  has  part  by 
it,  Ihe  afcends  northward,  or  to  us,  above 
the  plane  of  the  Earth’s  orbit;  and  the  op- 
polite  point  is  called  the  Descending  Node  of 
the  Moon’s  orbit ; becaufe,  as  foon  as  (he 
has  paft  bv  it,  fhe  defeends  fouthward  ; 

A a 2 which. 
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which,  to  us  in  the  northern  parts  of  the 
Earth,  is  below  the  plane  of  the  Earth’s 
orbit. 

En  Suppofing  that  either  of  thele  nodes 
were  between  llie' Earth  and  the  Sun  juft 
now  ; how  much  time  would  elapfe  before 
the  other  could  be  fo  ? 

X.  It  would  be  juft  half  a year,  if  a line 
drawn  from  the  one  to  the  other  kept  al- 
ways parallel  to  its  prefentpofttion  (like  the 
above-mentioned  diameter  of  the  Moon’s 
orbit,  k in  llg.  1.):  but  the  nodes  move 
backward  or  toward  the  Weft,  contrary  to 
the  Moon’s  motion  eaftward  in  her  orbit,  at 
the  rate  of  I9j  degrees  every  year. — So  that 
from  the  time  of  the  Sun’s  being  in  conjunc- 
tion with  either  of  the  Moon’s  nodes,  to 
the  time  of  his  being  in  conjun61ion  with 
the  other,  is  only  173  days,  7 hours,  3 mi- 
nutes. 

E>  As  there  muft  be  some  diftances  from 
thefe  nodes,  within  which  the  Sun  and 
Moon  muft  be  eclipfed  ; I ftmuld  be  glad 
to  know  what  thefe  diftances  are  ? 

X»  They- 
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N,  They  are  only  17  degrees  for  the 
Sun,  and  12  for  the  Moon. 

E.  Now,  let  me  fee. — The  Moon’s  whole 
orbit  contains  360  degrees  ; of  which  there 
are  only  ! 7 on  each  lide  of  each  node, 
withim  which  the  Sun  may  be  eclipfed. — 
Twice  17  is  34-,  about  one  node,  and  there 
are  as  many  about  the  other  ; in  all,  68  de- 
grees out  of  360,  for  eclipfes  of  the  Sun.^ — 
And,  as  there  are  12  degrees  on  each  fide  of 
each,  node,  within  which  the  Moon  can  be 
eclipfed,  there  mufl  be  no  more  than  48  de- 
grees in  all,  out  of  the  whole  360,  for  the 
eclipfes  of  the  Moon.  Am  I right,brother? 
If  I am,  ’tis  no  wonder  that  we  fhould  have 
fo  many  new  arid  full  Moons,  and  fo  feW/ 
eclipfes. 

N,  You  are  quite  right,  Eiidosia  ; and  I 
am  very  glad  to  find  that  you  make  fuch  a 
, quick  progrefs. 

E.  I know  that  the  times  of  eclipfes 
may  be  calculated  before-hand,  becaufe  I 
fee  they  are  always  predi61ed  in  the  alma- 
nacks. Can  vou  calculate  them  ? 

.¥.  Yes. 


E.  I wifh 


r 
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E.  I wifli  you  would  teach  me  to  do  fo 
too,  if  you  think  I have  a fufficient  capacity 
for  that  branch  of  fcience. 

You  have  much  more  ; and  I will  in- 
flru^^  you  with  pleafure;  for  you  have  not 
only  learnt  the  four  common  rules  of  arith- 
metic, but  even  as  far  as  the  Rule  of  Three. 
‘ — And  in  thefe  calculations,  no  farther  a- 
rithmctic  is  neceffary  than  addition  and  sub^ 
traction.  But  you  muft  learn  firft  to  calcu- 
late the  times  of  new  and  full  Moons. 

E.  That  I will  do  with  very  great  plea- 
fure. 

N.  Then  we  will  fet  about  it  to-morrow 
morning,  if  you  pleafe  : but  the  whole  will 
take  up  a week  at  leail : during  which  time 
we  muft  fufpend  our  ufual  confabulations. 

Ah  I wifti  to-morrow  were  come  already. 

N-  You  remember  the  book  which  you 
faw  a few  days  ago  in  this  room ; in  which 
you  told  me  you  had  taken  notice  of  fome- 
thing  concerning  the  ecliptic  and  its  ftgns. 
— Did  you  look  at  the  title-page  of  that) 
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E,  I remember  the  book  very  well  ; but 
did  not  look  at  the  title-page. 

iV.  It  is  Fergusons  Aftronomy.  I fent  for 
it  to  a Bookfeller’s  fhop,  in  Dame-flroet, 
Dublin,  on  purpofe  to  make  you  a prefent; 
of  it.  There  it  is  ; and  I am  fure  you  are 

I * 

qualified  to  read  and  underfiand  it. 

E.  I heartily  thank  you,  dear  Neander^ 
for  this  prefent. 

iV.  There  are  in  it  plain  and  eafy  tables 
and  precepts  for  calculating  the  true  times 
. of  new  and  full  Moons  and  eclipfes.  And, 
if  you  have  any  fpare  time  to-day,  I wifli 
you  would  begin,  by  yourfelf,  to  read  the 
precepts,  and  compare  them  with  the  tables, 
and  with  the  examples  of  calculation. — 
And  then,  if  you  find  any  thing  difficult, 
mark  it ; and  I will  help  you  out  to-morrow 
' morning.  Mean  time,  if  there  be  any 
thing  elfe,  which  you  would  have  us  to 
talk  about,  before  we  are  called  to  break- 
faft,  (which  is  later  than  ufual  to-d^y)  tell 
me  what  it  is. 

E,l 
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jE.  I wifh  I underftood  the  caufe  of  the 
ebbing  and  flowing  of  the  lea.  But  now  the 
bill  begins  to  ring  for  us. 

Very  well. — Be  here  in  about  an  hour 
^fter  break faft. 
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DIALOGUE  VIII. 

\ 

On  the  CAUSE  of  Ihc  feBBING  .incl  FLOWING  of  I'nc  SEA. 

.}.  ■ • 

, » 

Ncandcr. 

You  are  very  pun6iual,  lifter. — I have 
drawn  out  fome  figures  for  you  ftnce  break- 
faft;  and,  juft  as  you  entered  the  room, 
I was  putting  the  laft^  letter  of  reference  to 
them.  Here  they  are. 

Eudosia.  I thank  you,  brother ; and  do 
fuppofe  that,  by  thefe  figures,  you  intend 
to  explain  the  caufe  of  the  ebbing  and 
flowing  of  the  Sea. 

iV.  T do.-^In  Fig.  1.  of  PLATE  VI.  let 
• \ 

A BCD  A be  the  Earth,  all  covered  with 
water,  except  the  top  of  an  iftand  A a. 

B b Let 


/ 
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Let  the  Earth  be  in  conftant  motion,  turn- 
ing eaflward  round  its  center  E,  every  24- 
hours  according  to  the  order  of  the  letters 
ABCD  ; and  let  M be  the  Moon,  moving 
eaftward  in  her  orbit  O o,  as  from  M to 
in  24  hours,  50  minutes.  You  know  that 
the  Earth  and  Moon  are  within  the  reach 
of  each  other’s  attraction ; and  therefore, 
as  the  Earth  attracts  the  Moon,  fo  the 
Moon  re-attraCts  the  Earth. 

E,  Yes,  Sir. 

N.  Do  you  remember  my  telling  you, 
ibrne  days  ago,  that  the  attraction  dimi^ 
niflies,  as  the  fquare  of  the  diftance  fi'om 
the  attracting  body  increafes  ? 

E.  I remember  it  very  well. 

N",  Then  you  know,  that  the  Moon 
rnuft  attract  tlie  fide  A of  the  Earth  which 
is  neareft:  to  her  (at  any  time)  with  a great- 
er degree  of  force  than  fbe  attracts  the 
Earth’s  center  E;  and  that  fhe  attraCts  the 
center  E,  with  a greater  degree  of  force 
than  fbe  attraCts  the  fide  C of  the  Earth, 
which  is  then  fartheft  from  her. 

E.  Certainly. 
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£*  Ceitahily. 

N.  And  that  the  Earth  and  Moon  would 
fall  towards  one  another,  by  the  power  of 
their  mutual  attra61ions,  if  there  was  no- 
thing  to  hinder  them  and  that  the  Moon 
would  fall  as  much  fafter  toward  the  Earth 
than  the  Earth  would  fall  toward  the  Moon, 
as  the  quantity  of  matter  in  the  Earth  is 
greater  than  the  quantity  of  matter  in  the 
iMoon. 

E.  Undoubtedly  fo  : becaufe  every  par- 
tide  pf  matter  atlrads  with  an  equal  de- 
gree of  force ; and  therefore,  the  body 
which  has  the  greater  quantity  of  matter 
mufl:  attrad  the  other  with  fo  much  the 
greater  degree  of  force. 

N.  Well  done,  Eudosia.  Let  us  now 
fuppofe  the  Earth  and  Moon  falling  toward 
each  other.  - The  earthy  parts  of  our  globe 
being  conneded, ' and  cohering  together, 
would  not  yield  to  any  difference  of  the 
Moon's  attra61ive  force;  but  would  all 
move  equally  faft  toward  the 'Moon-:  as  if 
a cord  were  tied  to  each  end  of  a great 
folio  book  on  the  table,  and  you  fhould  pull 

B b Is  one 
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one  cord  with  the  force  of  four  pounds,  and 
I pull  the  other  cord  the  fame  way  with 
tlie  force  of  eight  pounds,  fo  as  to  move 
the  book ; all  the  parts  of  it  will  move 
equally  faff,  notwithfianding  the  different 
forces  by  which  you  and  I pull  it.  But  the 
waters  are  of  a yielding  nature;  the  cohe- 
rence of  their  particles  being  very  fmall  : 
and  therefore,  they  will  be  differently  af- 
fe61ed,  according  to  the  different  degrees  of 
the  Moon’s  attradtive-  force,  at  different 
didances  from  her. 

And  therefore,  as  the  waters  at  A are 
more  attracted  by  the  Moon  than  the  Eartli 
is  at  its  center  they  move  fader  toward 
the  Moon ' than  the  Earth’s  center  does  ; 

I 

and  confequently,  with  refpc61  to  the 
Earth’s  center,  they  rife  higher  toward  the 
Moon,  as  from  A to«  ; and  as  the  center  A’ 
moves  fafler  toward  the  Moon,  than  the 
waters  on  its  furface  at  Cdo;  the  waters, 
at  C will  be,  as  it  were,  left  behind  ; and 
confequently,  with  refped  to  the  center  A, 
thev  will  be  raided,  as  from  Cto  r. 

A.  So 


*1 
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£•  So  Ihr  I undcrftand  you  perfeflly 
well. 

iV.  But  as  is  Bill  the  fame  quanti- 
ty of  water  on  the  whole  Earth  j the  waters 
cannot  rife  at  one  place  without  falling  at 
another. — And  therefore,  the  waters  muft 
iall  as  low  at  b and  d as  they  rife,  at  the 
fame  time,  at  a and  c : fo  that  an  oblerx-er 
placed  over  at  a'  diflancefrom  the  Earth, 
would  fee  the  furface  of  the  waters  not  of 
'The  round  fhape  A B C Dy  as  they  would, 
be  if  the  Moon  did  not  difturh  them  by  her 
attra6Uori,  but  of  the  elliptical  fhape  abed. 

Then,  as  the  Earth  turns  eaBward  round 

* t 

■ its  axis,  ’tis  plain,  that  when  the  illand  A a 
is  at  A.  it  will  be  in  the  high  iealei\  under 
the  Moon  M : when  it  is  at  By  it  will  be  in 
tlie  loR  uulcr,  lix  hours  from  under  tlie 
Moon  : when  it  is  at  C,  it  will  be  in  tlie 
high  zeafer  again,  twelve  hours  from  under 
the  Moon : and  when  it  is  at  Z),  eighteen 
hours  from  being  lad  under  the  Moon,  it 
will  be  in  the  lore  water  again.  So  that  if 
the  'Moon  had  no 'progrcffivC'  motion  in 
' her 


I 
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.her  orbit  O o,  but  kept  always  in  the  fame 
right  line  A Jf,  the  ifland  a would  have 
two  ebbings  and  two  fi^^ings  of  the  Sea 
every  hours.  * 

E.  It  would.  But  I find  the  tides  are 
put  down,  in  my  almanack,  later  every  day 
than  on  the  day  before.  And  now,  I ap- 
prehend the  reafon  oftliistobe,  that  as 
the  Moon  goes  eaflwar.i  round  her  orbit 
in  .a  month,  and  the  Earth  turns  eailward 
round  its  axis  every  24  hours ; the  Moon 
makes  part  of  a revolution  in'the  time  that 
the  Earth  makes  a tvhole  rotation : and  there- 
fore, the  Earth  muft  turn  as  much  more 
than  round  its  axis,  before  the  fame  ifland 
can  come  even  with  the  Moon  again,  as 
the  Moon  has  advanced  in  her  orbit  during 
that  interval  of  time. 

N.  You  are  right,  Eudosiu  : — for,  in  the 
time  of  the  illand’s  revolving  from  A to 
A again  (in  the  dire6\ion  A B C D AJ 
which  is  24  liours,  the  Moon  moves  irom 
M almofl  to  o in  her  orbit : and  therefore, 
after  tlic  ifand  has  come  round  to  A again, 

It 
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it  mufl  move  on  from  J’to  be  {ore  It  can 

be  in  the  middle  of  the  tide  of  flood  the 
'next  day,  under  the  Moon,  which  will  have 
then  moved  from  A too.  , 

E.  How  long  is  the  ifland  in  moving 
from  A to  e f ' ] ■ 

N.  Full  50  minutes  : and  fb  much  later 
are  the  tides  evety  day  than  they  were  on 
the  day  before.  The  Tailors  call  it  only 

48  minutes  ; and  it  would  be  exa6lly  fo, 
if  the  Moon  were  30  complete  days  and 
nights  going  round  from  change  to  change. 
But  as  the  time  is  only  29  days,  Ti  hours, 
54  minutes,  3 feconds,  (at  a mean  rate)  fhe' 
mull  move  a little  farther  every  day  than 
fhe  would  if' fhe  took  the  full  30  days  : and 
this  difference  is  equal  to  about  2 minutes 
of  time  of  the  Earth’s  motion  on  its  axis. 

E.  Then  as  the  Moon  goes  round  her 
orbit,  from  change  to  change,  in  SP^days, 
(in  round  numbers)  the  ifland  A a can  only 
come  28^  times  round  from  the  Moon  to 
the  Moon  again,  in  that  time;  and  confe- 

quemtly 
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qiiently,  it  can  have  no  more  than  twice 
that  number  of  tides  of  flood,  at  a and  c ; 
or  37  tides  of  flood,  and  as  many  of  ebb  be- 
tween change  and  change  of  the  Moon. 

You  are  very  right  : and  confequent- 
ly,  in  twocouries  of  the  Moon,  from  change 
to  change,  which  is  59  days,  1 hour,  28 
minutes,  9 feconds,  there  are  only  57  dou- 
ble tides  of  flood  and  as  many  of  ebb. 

E.  This  account  of  the  tides  would  be 
extremely  natural,  and  eafy  to  be  under- 
flood, if  the  Earth  and  Moon  were  continu- 
ally falling  toward  one  another.  But  fee- 
ing that  the  Moon’s  motion  in  her  orbit 
gives  her  a centrifligal  force,  equal  to  the 
force  with  which  the  Earth  attradls  her, 
fhe  cannot  fall  toward  the  Earth  at 
all.  And,  from  what  you  told  me,  in  our 
fecond  dialogue,  about  the  Earth  and  the 
Sun,  I fliould  think,  < that  if  the  Earth  it- 
felf  did  not  deferibe  a fmall  orbit  round 
the  common  center  of  gravity  between  it 
and  the  Moon,  in  the  time  the  Moon  goes 
yound  her  orbitj  the  Moon’s  attra6iion 

would 
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would  take  the  Earth  away,  as  it  could 
liave  no  centrifugal  force  to  balance  her 
attra61ion. 

N,  Dear  lifter,  you  cannot  imagine  how 
much  pleafure  it  gives  me  to  talk  with  you 
on  thefe  fubjedls  on  account  of  the  proper 
inferences  and  applications  you  make. — 
The  Earth  and  Moon  do  really  move  round 
the  common  center  of  gravity  between 
them  every  month  : and  it  is  that  center 
of  gravity  that  deferibes  the  very  orbit  in 
which  the  Earth’s  center  would  move 
round  the  Sun  in  a year,  if  the  Earth  had 
no  Moon  to  attend  it. 

' You  may  thank  yourfelf,  Neander,  for 
all  thofe  inferences  and  applications;  as 
they  only  refult  from  your  explanations, 
and  leading  me  lb  gradually  on,  from  one 
fubje6f  to  another.  But  pray,  how  many 
miles  is  it  from  the  Earth’s  center  to  the 
common  center  of  gravity  between  the 
Earth  and  Moon  ? Undoubtedly  that  dif» 
tance,  compared  with  the  Moon’s  dif- 
tance  from  the  Earth’s  center,  muft  be  in 
proportion  to  the  quantity  of  matter  in  the 

C c Moon 
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Moon  compared  with  the  quantity  of  mat- 
ter in  the  Earth. — If  you  will  tell  me  how 
much  greater  the  quantity  of  matter  in  the 
Earth  is  than  the  quantity  of  matter  in  the 
Moon,  I will  try  to  compute  how  far  the 
common  center  of  gravity  between  them 
is  from  the  Earth’s  center. 

N,  The  Earth’s  quantity  of  matter  is  40 
times  as  great  as  the  Moon’s. 

- jE.  Very  well. — And  the  Mcon’s  mean 
diflance  from  the  Earth’s  center  is  240,000 
miles. — Now,  I divide  240,000  by  40,  and 
the  quotient  is  ^,000 ; which,  I think,  mull 
be  the  diftance  of  the  common  center 
of  grayity  between  the  Earth  and  the 
Moon  from  the  Earth’s  center : and  that 
the  faid  common  center  of  gravity  muft 
always  be  in  a right  line  between  the  cen- 
ters of  the  Ea.rth  and  Moon  ; becaufe  both 
thefe  bodies  move  round  it. — Am  I right, 
brother  ? 

N,  Indeed  you  are : and,  before  we  talk 
further  about  the  common  center  of  gra- 
vity between  the  Earth  and  the  Moon,  I 
will  endeavour  to  illuftrate  this  affair 

?Hnut 
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about  the  tides  to  you,  in  a different  manner 
from  what  I have  done.  For  I find,  that 
even  if  I had  intended  to  explain  it  by  the 
falling  of  the  Earth  and  Moon  toward  each 
other,  you  v7ould  havejuftly  believed  that 
I was  mifleading  you. 

Here  is  a circular  hoop  (Fig.  2.J  ABCD, 
of  thin  plate  brafs.  You  fee  it  is  very 
flexible  : for,  as  I pull  out*  the  parts  A and 
Cto  a and  c,  the  parts  B and  D fall  into  h 
and  d ; and  the  hoop  becomes  of  the  ellip- 
tical fhape  abed. 

E»  True; — and  juft  liie  the  fhape  of 
the  furface  a b cd  of  the  water,  (in  Fig.  1.) 
as  afle61ed  by  the  Moon’s  attradflon. 

N.  But,  if  I quit  my  hold  of  the.  hoop 
at  a and  r,  it  will  return  to  its  former 
circular  fhape  A BCD. 

E.  I fee  it  does,  now  you  have  left  it  at 
liberty. 

N.  And,  if  the  Moon’s  attraftion  fhould 
ceafe  ( Fig.  1 .)  the  waters  abed  would  return 
from  their  elliptical  fhape  a b edy  to  their 
former  round  fhape  ABCD. 

C c 2 
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E,  Yes ; for  they  would  run  from  the 
higheft  parts  a and  c to  the  loweft  parts  b 
and  till  their  furface  was  equally  diftant 
from  the  Earth’s  center  E,  all  around. 

N.  Now,  I tie  the  end  J (Fig,  ^2.)  of  the 
ftring  A H to  any  part,  as  A,o£  the  circular 
hoop  A B C and  take  hold  of  the  other 
end  II  of  the  liring  with  my  hand.  If  I 
whirl  the  hoop  round  my  head  like  a fling, 
w^hat  do  you  thing  will  happen  ? 

E.  Why ; the  hoop  will  endeavour  to 
fly  off,  as  a pebble  in  a fling  would  do. 

N.  True ; but  do  you  think  that  all  the 
parts  of  the  hoop  will  then  h^ve  an  equal 
tendency  to  fly  off? 

E,  Let  me  confider  - .--■-T  think  they  will 
not.  For  as  the  part  C will  go  round  your 
head  in  the  fame  time  as  the  part  A,  but 
fafter,  becaufe  it  is  further  diflant  from 
your  hand ; I imagine  that  the  part  C will 
have  as  much  more  tendency  to  fly  off  than 
the  part  A has,  as  its  diftance  from  your 
hand  is  greater. 
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iV.  Exaftly  fo,  becaule  it  will  move  fo 
much  fafter,  as  the  circle  it  defcribes  is  larg- 
er. Now  obferve,  I whirl  it  round  my 
head.  What  fhape  is  it  ?iow  of? 

It  is  of  the  elliptical  (hape  abed, 

N.  Yes,  for  the  tightnefs  of  the  firing 
draws  out  the  fide  next  my  hand,  from  A 
to  a ; and  the  centrifugal  force  of  the  other 
fide  throws  it  out  as  far,  from  C to  c. — 
And  now,  if  an  inflexible  circular  ring 
(like  the  rigid  Earth)  A B C D fhould  light 
upon  the  elliptical  hoop  a b c and  turn  ^29 
times’and  an  half  round  the  center  E,  in  the 
time  the  hoop  ana  circle  were  moved  once 
round  my  head  ; would  not  any  point,  as 
A,  of  the  circular  ring  come  fucceflively 
even  with  the  higheft  parts  a and  c of  the 
elliptical  hoop,  and  with  the  loweft  parts  b 
and  of  it ; as  the  ifland  A a (Fig.  1 .) 
comes  to  the  high  water  at  a and  b,  and 
the  low  water  at  c and  by  the  Earth’s 
motion  on  its  axis?  / 

E,  It  would.  And  I think  that  Fig,  3 
is.fomewhat  anagolous  to  Fig,  2. 

^ ' i ' 

f ■ ^ 
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i- 


N,  It 


15S  the  young  gentleman  and 


N,  It  is  very  much  fo ; and  now  is  the 
proper  time  to  explain  F/^  3.  * 

Let  J B C ^ he  the  Earth,  M the  Moon, 
Oo  part  of  the  Moon’s  orbit,  and  G the  com- 
mon center  of  gravity  between  the  Earth 
and  the  Moon,  round  which  both  thefe 
bodies  move  once  a month ; the  Moon 
in  the  direction  O o,  and  the  Earth  in  the 

dire6lion  F k,  Bv  this  motion  all  the 

¥ 

parts  of  the  Earth  will  have  a'  centrifugal 
force,  or  tendency  to  fly  off  in  or  parallel 
to  the  line  A EC : and  the  centrifugal 
force  of  each  part  will  be  dire6tly  in 
proportion  to  its  diftance  from  the  com- 
mon center  of  gravity  G;  becaufe  the 
fpace  through  which  thefe  parts  move  will 
be  refpe61ively  as  their  diftance  from  G; 
that  is,  as  the  femidiameters  of  thole  cir- 
cles  which  they  all  defcribe  in  the  fame 
period  of  time.  Thus,  the  centrifugal 
force  of  the  point  A will  be  as  the  line  A 
G;  the  centrifugal  force  of  the  center  E 
will  be  as  the  line  E G ; and  the  centrifu- 
gal force  of  the  point  C will  be  as  the  line 
C G : for  the  point  A defcribes  the  fmall 
circle  Aef  g A in  the  time  the  point  E 

defcribes 
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defcribes  the  larger  circle  E h i k and  in 
the  time  the  point  C defcribes  the  ftill 
larger  circle  C I ni  n C\  which  , is  in  a 
month;  and  in  that  time,  the  Moon  goes 
round  her  orbit  O o. 

The  Moon’s  attra6Uon  at  the  Earth’s  cen- 
ter E exa6lly  balances  the  Earth’s  centri- 
fugal force  at  E ; and  confequently  retains 
the  center  E in  the  orbit  Eh  i k E,  But 
her  at  trad  Ion  at  A is  greater  than  at  if, 
and  lefs  at  C than  at  if.  So  that  where 

I 

the  Moon’s  attradion  is  greatefl:,  as  at  A, 
the  centrifugal  force  is  leaf! ; and  there- 
fore, the  excefs  of  attradion  (jaufeth  the 
water  to  rife,  as  from  A to  on  the  fide 
of  the  Earth  which  is  at  any  * time 
nearefi  the  Moon  M.  But,  at  C (the  fide 
which  is  then  farthefi  from  the  Moon)  the 
attradion  is  leaft,  and  the  centrifugal 
force  greateft:  and  therefore,  the  waters* 
will  rife  as  high  from  C to  c,  by  the  ex- 
cels of  the  centrifugal  force  there,  as  they 
rife  on  the  oppofite  fide  from  A to  a by  the 
excefs  of  the  Moon’s  attradion.  Are 
you  fatisfied  now,  Eudosia  ? 


E,  r. 
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E.  I was  fadly  afraid,  that  the  riling 
of  the  tides  on  the  fide  of  the  Earth 
which  (at  any.  time,  by  its  motion  on  its 
axis)  is  turned  away  from  the  Moon, 
would  be  very  difficult  to  account  for. 
But  you  have  madeitjufl  as  plain,  that 
they  muft  rife  as  high  on  the  lide  of  the 
Earth  which  is  opposite  to  the  Moon,  as 
they  do  on  the  iide  which  is  under  the 
Moon.  Did  you  ever  fee  this  confirmed 
by  an  experiment  ? 

N.  Yes;  I have  seen  Mr.  Ferguson  do 
it,  to  the  fatisfa6Uon  of  every  obferver, 
by  a plain  experiment  in  one  of  his  ma- 
chines, called  the  Whirling  Table  ; and 
he  is  the  fiiffi:  that  ever  did  fo.  He  has 
given  a full  account  of  it  in  his  Le^fures  on 
Mechanics^  Hydrostatics^  Fneurnatics,  Optics, 
with  the  use  of  the  Globes,  and  the  Art  of 
Dialing,  In  that  book,  there  are  plates 
of  all  his  machines  for  the  above  pur- 
pofes.  I fhall  fend  for  it  from  Mr. 
Williams's  fhop  to-morrow,  and  make  you 
a prefent  of  it,  on  account  of  the  quick 
progrefs  you  have  made  in  aflronomy  : 

and 
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and  then  you  can  by  youiTelf'  learn  a 
courfe  of  experimental  philofophy. 

E.  Indeed,  brother,  you  lay,  me  un- 
der fo  many  obligations,  that  I firall  nev’^er 
be  able  to  make  you  any  proper  return 
for’  them.  But  there  is  one  thing,  that 
1 had  almoft  forgot  to  afk  you.  Pray 
what  is  meant  by  the  spring  and.  neap 
tides  ? 

N.  The  Earth  is  fo  fmall  in  comparifon 
of  its  diftance  from  the  Sun,  that  the 
Sun’s  attraftive  force  is  nearly  equal  on 
all  parts  of  the  Earth  : and  therefore 

there  can  be  but  little  difference  between 
the  centrifugal  force  on  the  fide  of  it  which 
is  next'  the  Sun,  and  the  centrifugal  force 

on  the  oppolite  fide.  But  ffill  there  is 

/•> 

fome  difference,  as  the  Earth  moves  on  in 
its  orbit.  And  therefore,  if  the  Earth  had  no 
Moon  to  attend  it,  there  would  be  s?na/l 
tides  occafioned  by  the  Sun.  Confequent- 
ly,  when  the  Sun,  Moon,  and  Eartli  are 
all  in  a right  line  (which  they  are  at  the 
time  both  of  new  and  full  Moon)  their 
joint  a6tions  concur:  and  fo,  raife  the  tides 

D d higher 
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higher  at  thefe  times  than  at  any  other  : 
and  thole  are  called  the  Spring  Tides,  But, 
when  the  Moon  is  in  her  quarters,  her 
a61ion  on  the  tides  is  cross-wise  to  the  Sun’s  ; 
for  then  the  Sun  is  in  a line  with  the  loiv 
xtai-er,^  and  his  adion  keeps  the  tides  from, 
falling  fo  low  there,  and  confequently 
from  riling  fo  high  under  and  oppolite  to 
the  Moon,  as  they  would  do  by  the  adion 
of  the  Moon,  if  the  Sun  did  not  difturb 
them  at  all ; and  thefe  are  called  ihe  neap 
Tides, 

E,  I underlland  you  very  well ; and  do 
fee  plainly,  that  a ftraight  line,  drawn  from 
the  Moon’s  center  through  the  Earth’s 
center,  would  be  in  the  highell  part  of  the 
tides  on  both  lides  of  the  Earth. 

iV.  You  are  a little  mihaken  in  that 
point,  Eudosia;  which  may  be  owing  to 
its  being  fo  reprefented  in  the  figures. 
But,  I am  fure  you  would  not  have  been 
fo,  if  you  had  remembered  what  I told 
you  in  our  firft  dialogue;  namely,  that 
all  bodies  which  are  put  into  a Hate  of 
motion  will  perfevere  in  that  motion 

till 
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till  fometliing  flops  their  courfe.  If  you 
put  water  into  a bafbn,  and  give  it  a little 
fhake,  and  then  fettle  the  bafon  fudden- 
ly;  the  water  will  rife  a little  further, 
on  the  fide  to  which  you  gave  it  the  mo- 
tion/ after  the  bafon  is  fettled  again,  than 
it  did  in  the  inftant  when  you  fettled 
it.  Pray,  have  you  forgot  your  fall  in 
the  boat,  when  it  ftruck  agaiuft  the  bank 
of  the  river  ? 

E.  I have  not,  brother;  and  the^  infe- 
rence is  plain.. 

Ah  It  is : and  therefore  you  know,  that 
when  the  waters  are  put  into  a riling 
ftate  of  motion  by  the  a61ion  of  the  Moon  ; 
they  would  rife  a little  higher,  if  the 
Moon  were  annihilated  at  the  inflan t of 
her  being  on  the  meridian,  even  of  a place 
where  fhe  was  dire611y  over  head.  But 
you  are  flill  to  conlider  farther;  that,  al- 
though  the  Moon’s  attra61ion  at  any  place 
is  greateft  when  fhe  is  on  the  meridian 
of  that  place,  becaufe  fhe  is  then  the  near- 
eft  that  fhe  can  be  to  the  place  on  that 
day,  yet  her  attradlion  at  the  place  does 
not  then  ceafe,  but  continues  fur  fome 

D d time 
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time  after  fhe  has  pafl;  the  meridian : and 
this  continuance  of  attra61ion,  though 
weaker,  will  caufe  the  waters  to  keep  on 
in  their  riling  flate,  till  the  attraction  juft 
balances  the  tendency  of  the  waters  to  fall 
back  again. 

£.  I thank  you,  brother,  for  fetting  me 
right.  But,  pray,  how  long  is  the  Moon 
paft  the  meridian,  when  the  water  is  at 
the  higheft  ? 

N.  If  the  Earth  was  covered  all  over 
with  water,  fo  as  the  two  eminences  of 
the  tides  at  a and  c might  regularly  fol- 
low the  Moon ; fhe  would  always  5e 
three  hours  paft  the  meridian  of  any 
given  place,  when  the  tide  was^  at  the 
higheft  at  that  place.  But  as  the  Earth 
is  not  all  covered  with  water,  and  the  dif- 
ferent capes  and  corners  of  the  land  run 
out  all  manner  of  ways  into  the  oceans  and 
feas,  the  regular  courfe  of  the  tides  is 
much  interrupted  thereby ; and  alfo  by 
•their  running  through  fhoals  and  channels. 
So  that,  at  different  places,  the  tides  are 
higheft  at  very  different  diftances  of 
the  Moon  from  the  meridian.  But,  at 
whatever  diftance  the  Moon  is  from  the 

meridian. 
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meridian,  on  any  given  day,  at  any  placc^ 
when  the  tide  is  at  its  height  ijtere^  it  will 
be  fo  again  on  the  next  day,  much  about 
the  time  when^the  Moon  is  at  the  like  diC. 
tance  from  the  meridian  again. 

jE.  You  have  quite  fatkfied  me  about 
the  tides : and  now  I will  go  to  my  room, 
and  ftudy  Fergusons  method  of  calculating 
the  time  of  new  and  full  Moons. 
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DIALOGUE  IX. 


€n  the  fixed  STARS,  and  SOLAR  and  SIDERAL  TIIVIE^, 

Neander, 

W ' . 

HAT  is  the  matter,  lifter? — Sure- 
}y  you  could  not  have  gone  to  your  room 
and  returned,  fince  you  left  me. 

, Eudosia,  I had  fcarce  gone  out  of  this 
room,  when  fbmething  came  into  my 
mind,  which  was,  that  you  promifed  me, 
iome  days  ago,  to  - demonftrate  that  all 

the  Stars  are  at  reft And  left  I fhould 

forget  it  again,  I now  beg  leave  to  remind 
you  of  it,  if  you  have  leilure  at  prefent. 

N.  For 
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N.  For  that,  I refer  you  to  Fergusons 
aftronomy  : and,  before  you  have  read  the 
firft  three  chapters,  you  will  not  only  be 
convinced  that  all  the  Stars  are  at  reft; 
but  alfb  that  they  are  Suns  to  innume- 
rable fyftems  of  planetary  worlds,  as  our 
Sun  is  to  its  own  fyftem  of  planets. 

E.  What  ? other  Suns,  and  planetary 
worlds  belonging  to  them!  You  amaze 
me ! ^ 

iY.  The  Deity  is  infinite  in  all  his  per- 
fe61ions:  and  as  he  lias  power  enough 
to  create  and  place  Suns  and  worlds 
throughout  the  whole  infinitude  of  fpace, 
lb  he  has  goodnefs  enough  to  induce  him 
to  do  it.  But  now,  if  you  pleafe,  I will 
tell  you  of  fomething  which  I did  not 
think  of  before;  namely,  to  inform  you 
of  the  difference  between  Solar  and  Sideral 
time. 

E.  You  fpeak  too  learnedly  for  me  juft 
now,  brother ; and  it  is  the  firfi  time  you 
ever  did  fo. 

N'.  ‘ o’ar  time  is  the  time  meafured  by 
the  Sun’s  apparent  motion  round  the 
Earth ; and  Sideral  time  is  the  time 

meafured 
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meafured  by  the  Stars  in  ihei?'  apparent 
motion  round  it. 

E,  Now  I underftand  you : and  have 
often  obferved,  that  if  any  Star  be  feen 
juft,  as  if  it  were,  over  a neighbouring 
chimney,  at  any  hour  in  the  night;  in 
a week  afterward,  the  fame  Star  is  fooner 
feen  over  the  fame  chimney. 

N,  Tru^:  and  in  365  days,  the  ftars 
feem  to  have  made  366  revolutions  about 
the  Earth ; fb  that  they  gain  one  hour 
every  t24th  part  of  the  year  upon  the  time 
fhewn  by  a well  regulated  clock.  And 
therefore,  every  Star  comes  almoft  four 
minutes  fooner  to  the  meridian,  every  fuc- 
ceeding  day  or  night,  than  it  did  on  the 
day  or  night  before.  The  real  differ* 
ence  is  3 minutes,  55  feconds,  and  54  fix- 
tieth  parts  of  a fecond.  So  that,  if  one 
clock  fhould  be  fo  well  regulated  as  to  fhew 
the  time  to  be  XII  at  noon  this  day,  and 
on  thq  365th *day  afterward,,  and  another 
clock  fhould  be  fo  regulated  as  to  fhew 
the  time  to  be  XII  every  day  or  night 
when  any  given  Star  is  on  the  meridian ; 

the  latter  .clock  would  gain  3 minutes 

feconds 


LADY’S  ASTRONOMY. 


20!> 


55  fecond?,  and  54  lixtieth  parts  of  a fecond 
upon  the  former,  in  each  revolution  of  the 
fame  Star  to  the  meridian. 

E,  What  is  the  reafon  of  this  ? 

N.  Much  the  fame  as  that  of  the  Moon’s 
going  round  her  orbit  in  lefs  time  than 
fhe  goes  round  from  change  to  change, 
or  from  between  the  Earth  and  the  Sun 
to  the  fame  pofition  again : as  I explained 
to  you,  by  Fig.  1.  of  PLATE  V.  laft  Mon- 
day morning,  in  our  Seventh  Dialogue : 
And  we  may  make  the  fame  figure  do  for 
the  prefent  fubje6t.  You  remember  I told 
you  that  the  whole  diameter  of  the  Earth’s 
orbit  is  but  as  a point,  in  comparifon  to  the 
difiance  of  the  Stars;  which  is  the  fame 
as  to  fay,  that  a globe  of  1S)0  millions  of 
miles  in  diameter,  which  would  fill  the 
Earth’s  orbit,  would  appear  no  bigger  than 
a dimenfionlefs  point,  if  it  were  feen  from 
any  of  the  Stars  : and  the  prefent  fubjeft 

will  prove  this  to  be  true. 

E.  I am  far  from  doubting  the  truth 

E e of 
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of  your  word  ; but  I fhould  be  very  glad 
to  fee  the  demonftration. 

N .Then  here  it  is.  Let  the  Earth 
be  in  what  part  of  its  orbit  it  will,  we 
always  find  the  interval  of  time  (by  the 
befl  clocks  that  are  made)  between  any 
Star’s  revolving  from  the  meridian  to 
the  meridian  again,  to  be  equal  through- 
out the  whole  year : which  it  could  not 
be,  if  the  Earth’s  changing  its  place  by 
a whole  diameter  of  its  orbit,  bore  any 
fenfible  proportion  to  the^  diftance  of  the 
Stars.  For  then,  if  the  hour  and  minute- 
hands  of  a clock  fhould  revolve  exa611y 
366  times  from  XII  to  XII  again  (there 
being  fuppofed  to  be  24*  hours  on  the 
dial-plate)  in  the  time  of  the  Star’s 
making  366  revolutions  from  the  me- 
ridian to  the  meridian  again;  and  .the 
hands  be  fet  to  the  uppermoft  XII,  when 
any  given  Star  is  to  the  meridian  on  the 
21  ft  of  December;  then  on  the  20th  of 
March  afterward,  when  the  hands  were 
at  the  fame  XII  as  before,  the  fame  Star 
would  be  a little  on  the  Eaft  fide  of 

i the 
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the  meridian,  if  the  Earth’s  orbit  were  of 
any  feniible  bignefs  in  proportion  to  the 
dirtance  of  the  Star;  and  a little  on  the 
welt  fide  of  the  meridian,  when  the  hands 
were  at  XII  on  the  ‘23d  of  September  ; but 
we  never  find  any  fuch  difference. 

E*  To  me  your  demonllration  is  felf. 
evident. 

I’  N.  Then,  you  are  convinced,  that 
when  the  meridian  of  any  place  has  re- 
volved from  any  Star  to  the  fame  Star 
again,  the  Earth  has  turned  absolutely  once 
round  its  axis;  becaufe  the  fame  me- 
ridian has  revolved  lb,  as  to  be  again 
parallel  to  any  fixed  plane,  to  which  it 
was  parallel  before,  when  the  fame  Star 
Was  upon  it  ? 

E,  I am! 

N,  Vei7  well,  filier, — Now,  in  E^ig.  1. 
of  PLATE  V.  let  5 be  the  Sun,  A BCD  E 
F G one  half  of  the  Earth’s  orbit ; let  the 
circle  k i h I k be  the  Earth  (at  the  top  of 
the  figure)  and  a h the  meridian  of  London, 
which  we  fhall  fuppofe  to  be  at  A. 

Let  the  llraight  line  a h S be  produced 

E e 2 onward, 
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onward,  to  five  or  fix  miles  beyond  the  Sun 
S)  as  feen  from  h ; and  let  a Star  be  placed 
at  the  farthefmoft  end  of  that  line — Then, 
^he  diftance  of  the  Star  from  the  Sun  will 
be  fo  great,  that  the  Earth’s  orbit  ABC, 
&c.  will  bear  no  feniible  proportion  there- 
to, if  it  were  viewed  from  the  Star  ; and 
therefore,  to  an  obferver  on  the  Earth  at  //, 
the  Star  will  appear  as  even  with  the  line  d //, 
when  the  Earth  has  got  a quarter  round 
its  orbit  from  a Xo  d and  the  meridian 
d h parallel  to  the  portion  it  had  at  a li^ 
as  when  the  Earth  was  at  a in  its  orbit : 
So  that,  let  the  Earth  be  in  what  part 
of  its  orbit  it  will,  the  Star  will  always 
be  upon  the  meridian  of  the  place,  A,  when 
that  meridian  has  revolved  to  the  fame  pa- 
rallel pofition  again  ; which  it  will  always 
do  in  the  time  of  the  Earth’s  turning  abso- 
lutely round  its  axis, 

E*  Undoubtedly  it  will. 

N\  Now,  fuppofe  the  Earth  to  ad. 
vance  in  its  orbit  from  a to  h,  in  the 
time  that  it  turns  once  round  its  axis; 
and  then,  the  same  meridian  b h will  be' 

parallel 
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parallel  to  the  pofitloii  it  had  at  a //,  when 
the  Sun  and  Star  were  both  even  with  it ; 
or,  as  we  fay,  upon  it. 

I'hen  it  is  plain,  that  when  the  Earth 
is  at  and  the  meridian  h h has  revolved 
from  the  Star  to  the  Star  again,  it  muft  re- 
volve further  on,  from  b .to  before  it  can 
"o  round  from  the  Sun  to  the  Sun  a^ain  at 
S.  And  the  arc,  or  part  h m,  of  the  Earth’s 
circumference, bears  the  fame  proportion  to 
the  Earth’s  whole  circumference,  that  the 
arc,  or  part  a A,  of  the  circumference  of  the 
'Earth’s  orbit  bears  to  its  whole  circum- 
ference. 

When  the  Earth  is  at  c in  its  orbit,  and 
the  fame  meridian  c h comes  even  with  the 
Star  the  fecond  time,  the  meridian  mufl  re- 
volve from  h to  71  before  it  can  be  even 
with  the  Sun  again,  or  the  Sun  be  upon  it 
the  fecond  time.  ' 

When  the  Earth  is  at  a quarter 
' round  its  orbit  from  a,  and  the  meridian 
d h is  even  with  ‘ the  tar  ; the  meridian 
will  want  fix  hours  of  being  even  with 
the  Sun  in  the  right  line  d o 5*,  and  the 

place 
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place  h muft  revolve  6 hours,  or  through 
the  arc  hooff>0  degrees,  before  the  Sun  can 
be  on  its  meridian  d h. 

And  confequently,  when  the  Earth  has 
gone  half  round  its  orbit,  the  fame  meri- 
dian will  be  even  with  the  Star  1 2 hours  be- 

0 

fore  it  revolves  to  the  Sun ; and  when  the 
Earth  has  gone  three  quarters  round  its  or- 
bit, the  meridian  will  be  even  with  the 
Star  IS  hours  before  it  comes  to  be  even 
with  the  Sun. 

And  laftly,  when  the  Earth  has  gone 
quite  round  its  orbit,  its  rotation  on  its  axis 
will  have  brought  the  fame  meridian  once 
more  round  from  the  Star  to  the  Star  again, 
than  from  the  Sun  to  the  Sun  again. — So 
that,  let  that  year  contain  how  many  days 
it  will,  as  meafured  by  the  apparent  revo- 
lutions of  the  Sun  from  the  meridian  to  the 
meridian  again,  it  will  contain  one  day 
more,  as  meafured  by  the  apparent  revolu- 
tions of  the  Stars. 

E.  By  this  I find,  that  one  abfolute 
turn  of  the  Earth  round  its  axis  is  loft 
in  a year  with  refpedt  to  the  number  of 
folar  days  in  the  year,  becaufe  the  Earth’s 
motion  on  its  axis  is  the  fame  way  as  its 

motion 
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motion  round  the  Sun.  For  to  bring  any 
meridian  round  from  the  Sun  to  the  Sun 
again,  the  Earth  mud  turn  as  much  more 
than  quite  round  itjs^  a:^is,  as  bears  a propor- 
tion to  the  fpace  it  moves  in  its  orbit  in 
^4  folar  hours.  And  therefore,  to  make 
the  year  contain  365  folar  days  and  nights, 

the  Earth  muft  turn  306  tinies  round  its  axis. 

\ 

jM,  You  are  right,  Eiidosia. — Now  go  to 
your  aftronomical  tables  and  precepts  ; and 
try  whether  you  can  calculate  the  time  of 
new  Moon  in,  July  1748  old  ftile. — If  you 
find  any  di  fficulty,  come  and  tell  me  of  it. 

K.  I thank  you  brother;  and  make  no 
doubt  but  that  I mud  fbon  fee  you  again. 


dialogue 
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DIALOGUE  X. 

On  the  PuojECTiOf^  of  SOLAR  ECLIPSES  : to  ii'hich  Answers 
to  sonic  Astronomical  Questions  arc  subjoined. 


Neander. 

Well,  {ifter ; you  kept  quite 

alone,  all  tSe  time  yefterday  after  you 
left  me : and  as  you  did  not  return  this 
morning  before  breakfaft,  as  ufual,  I lent 
to  enquire  about  your  health,  and  the  maid 
told  me  that  you  were  very  well ; but  fo 
much  engaged  with  your  book  and  pen, 
that  fhe  was  almoft  afraid  to  fpeak,  for  fear 
of  diilurbing  you ; as  you  took  no  notice 
of  her  when  fhc  came  into  your  room. 

Eudosia. 
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Eudusia,  Indeed,  brother,  I have  been 
very  mucli  engaged  ; and  fcarce  took  time 
to  eat  either  dinner  or  fupper. 

N.  So  I obferved  ; and  now,  pray,  what 
liave  you  been  doing  ? 

E.  After  looking  a little  at  Ferguson  s 
tables  for  calculatings  the  true  times  ot 
new  and  full  Moons,  and  finding  fome 
expreffions  in  the  titles  of  the  tables  which 
I did  not  underhand,  namely,  the  mean 
Anomalies  of  the  Sun  and  Moon;  I read 
the  former  part  of  the  19th  chapter  of 
his  book,  in  which  I not  only  found  these 
terms  explained  to  my  fatisla6\ion ; but 
alfo  the  principles  on  which  the  tables  are 
conftru6led : and,  on  account  of  what 
you  have  already  told  me  about  the  at- 
tra61ions  of  the  Sun,  Moon,  and  Earth, 
I think  I underhand  the  principles  tole- 
rably well. 

N:  I can'  very  eafily  take  your  word  for 
that,  Eudosia. 

E.  Having  read  the  precepts^  and  com- 
pared them  with  the  tables  and  examples 
of  calculation j I then  tried  to  calculate  the 
true  times  of  fome  nev/  and  full  moons 

E i'  ■ which 
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which  are  exemplified  in  the  precepts ; 
and  finding  my  calculations  to  agree  very 
nearly  with  Ferguson's  examples,  I tried  to 
calculate  the  true  time  of  new  Moon  in 
July  1748,  old  flile,  as  you  defired  me; 
ot  which  Mr.  Ferguson  has  given  no  ex* 
ample. — And  finding  that  the  Sun  mufi 
have  been  eclipfed  at  the  time  of  that  new 
Moon,  I even  attempted  to  take  out  the 
elements  for  projedling  that  eclipfe. 

N,  Then,  indeed,  you  mufi;  have  done 
a great  deal  of  work  for  the  time  you  have 
been  about  it. — Pray,  fhevv  me  your  calcu- 
lations. 

I am  almoil  afraid  to  do  it : — but, 
here  they  are. 


‘ . r 5. 

1.  The  apparent  time  of  new  Moon  at  Greenwich,  July  14  11  153 
in  the  Forenoon. 

2.  The  femi- diameter  of  the  Earth’s  dife  at  that  time,  as  feen  0 


from  the  Moon. 

3.  The  angle  of  tlie  Moon’s  vlfible  path  with  the  ecliptic 

4.  The  Moon’s  latitude,  North  delcending 

5.  The  Moon’s  horary  motion  from  the  Sun  - 

6.  The  Sun’s  diftance  from  the  neaieft  folliice 

7.  The  Sun’s  declination,  North 

8.  The  Sun  s difiaiice  at  noon  frona  the  vertex  of  London 

9.  The  Sun’s  femidiameter  ... 

10.  The  Moon’s  femidiameter 

11.  The  femidiameter  of  the  Penumbra 
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the  fame  elements  before  I gave  you  the 
book;  and  now  we  will  compare  the  cal- 
culations together. — All  right — for,  do 
you  fee, — we  have  not  differed  three  fe- 
conds  in  any  part. — And  I did  not  tell 
you  till  now,  that  1 had  made  any  fuch  cal- 
culation . 

E,  This  gives  me  great  pleafure,  in- 
deed.— But  upon  reading  the  method  of 
proje6liiig  cclipfes,  I often  find  mention 
made  of  a Sector , which  I take  to  be  a 
mathematical  inftrument,  and,  as  you 
know  that  I am  entirely  unacquainted 
with  any  of  thefe  inftruments,  I am  afraid 
I can  proceed  no  further,  unlefs  you  will 
fhew  me  a Seftor,  and  teach  me  how  to 
ufe  it. 

It  is  true,  that  by  means  of  a Se61or, 
thofe  kinds  of  proje61ions  may  be  much 
fooner  made  than  without  it — But,  as  I 
know  you  are  yet  totally  unacquainted 
with  mathematical  inftruments,  I will  now 
ftiew  you  how  to  proje6l  an  eclipfe  of  the 
Sun,  only  by  means  of  a pair  of  compalfes 
and  a common  ruler:  And  then,  you  will 
be  at  no  lofs  about  projediing  any  eclipfe 
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of  the  Moon ; which  is  much  eafer  to  be 
done  than  to  proje6l  an  eclipfe  of  the  Sun. 

: — I will  firft  tell  you  fome  things,  by 
which  you  will  underhand  the  rcafo'n  why 
all  the  different  parts  of  the  conflru61ion  of 
a folar  eclipfe' muft  be  as  we  lay  them 
down  ; and  then  proceed  to  conftru6l  the 
Sun’s  eclipfe  which  fell  on  the  14th  of 
July  1748,  as  it  appeared  at  London. 
You  know,  it  is  but  a few  days  lince 
you  covered  one  of  the  panes  of  glafs 
in  the  window  of  your  room  with  gum 
water;  and,  when  it  was  dry,  you  placed 
yourfelf  about  a foot  from  the  glafs ; arid, 
keeping  your  head  fleady,  you  delineated 
a landlkip  on  the  glafs,  with  your  black 
lead  pencil,  of  all  the  diftant  objeds  which 
you  faw  through  the  glafs,  drawing  them 
on  thofe  parts  of  the  glafs  which  were  juft 
between  them  and  your  eye  ; as  if  the  pen., 
cil  had  touched  the  objects  themfelves. 

E.  I have  often  done  fb  : then  drawn 
them  with  ink  (which  the  gum  water 
caufcs  to  ftick)  and  then  laid  a paper 

over 
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over  them  on  tlie  glafs,  and  traced  them 
thereon  with  the  black  lead  pencil. 

Now,  fuppofe  the  Equator  to  be  a 
vifible  circle  on  the  Earth,  and  that  a 
circle  is  drawn  through  any  place  fas  fup- 
pofe London)  parallel  to  the  Equator:  that 
the  Piarth  had  an  axis  put  through  it,  pro- 
je61ing  out  a good  way  from  its  furface  at 
each  pole;  and  that  there. » was  a vilible 
line  drawn  perpendicular  to  the  plane  of 
the  ecliptic  or  Eartlfs  orbit,  which  line 
would  be  called  the  axis  of  the  ecliptic. 

Imagine  all  thefe  things  would  be  via- 
ble to  an  obferver  at  the  Sun  ; and  fup- 
pofe yourfelf  to  be.  there,  holding  a pane 
of  glafs  between  you  and  the  Earth,  and 
delineating  the  figure  of  the  Earth  thereon, 
with  its  axis.  Equator,  the  circle  parallel 
to  the  Equator  pafTing  through  London, 

' and  the  axis  of  the  ecliptic.  Then, 

As  the  Earth  turns  round  its  axis  from 
weft  to  eaft,  the  places  on  its  furface 
would  appear  to  you  to  move  as  from 
your  left  hand  toward  your  right ; and 
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you  would  fee  London  as  moving  over 
the  Earth  in  the  circle  wliich  is  drawn 
through  it,  parallel  to  the  Equator.  And, 
when  the  Moon  is  new,  and  eclipfeth 
the  Sun  from  any  part  of  the  Earth,  you 
would  fee  her  between  yoii  and  the  Earth, 
as  paffing  over  it  from  left  to  right  hand, 
the  fame  way  as  it  turns  on  its  axis  : 
and  you  would  fee  a great  part  of  the 
Moon’s  penumbra  or  partial  fhadow,  all 
around  her  (as  it  were)  like  a dark  brown- 
ifh  ring  travelling  with  her  over  the 
Earth. 

As  the  Sun  fhines  round  the  North  pole 
of  the  Earth  from  the  20th  of  March  to 
the  23d  of  September,  you  would  fee  that 
pole  all  the  while  in  the  enlightened  part 
of  the  Earth’s  difc  (or  flat  round  furface, 
as  it  would  appear  to  you ; like  as  the  Sun 
and  Moon  do  to  us) ; and  from  the  2 2d 
of  September  to  the  20th  of  March,  the 
fame  pole  would  be  hid  from  your  eye- 
flght,  behind  the  viflble  and  illuminated 
difc  of  the  Earth;  becaufe  it  is  in  the  dark 
all  that  time. 


If 
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“If  a ftraight  walking  ftlck  be  placed  at 
a diftaiice  from  you,  and  inclining  either 
dire61)y  toward  you  or  from  you,  it  will 
appear  to  you  to  be  upright : but,  if  it  in- 
clines either  toward  your  right  or  left  hand, 
you  will  perceive  it  to  do  fo,  Tlierefbre, 
when  the  Earth’s  axis  inclines  either  direct- 
ly toward  you  or  from  you  at  the  Sun,  it 
will  appear  to  you  to  be  perpendicular  to 
the  plane  of  the  Earth’s  orbit  or  ecliptic; 
and  to  coincide  with  the  axis  of  that  plane. 
But,  when  the  Earth’s  axis  inclines  more 
or  left  lidewife  to  the  Sun,  the  northern 
half  of  it  wdll  appear  to  you  to  incline  from 
the  axis  of  the  ecliptic,  toward  your  right 
or  left  hand;  and  the  fouthern  half  to  in* 
dine  tne  contrary  way  from  the  axis  of 
the  ecliptic:  for  then,  thefe  two  axis  will 
feem  to  croft  each  other  in  the  middle  point 
of  the  Earth’s  axis. 

as  the  Earth’s  tixis  really  inclines 
degrees  from  a perpendicular  to  the 
plane  of  the  Earth  s orbit,  and  ahvays  keeps 
inclining  to  one  and  the  fame  fide  of  the 
Heavens,  in  the  Earth’s  whole  courle  round 

' the 
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the  Sun  • it  will  appear  in  different  pofi- 
tions  of  inclination  to  the  axis  of  the  eclip- 
tic, as  feen  from  the  Sun,  at  different  times 
of  the  year ; the  North  pole  being  fome* 
times  toward  your  right  hand  from  the 
axis  of  the  ecliptic,  and  at  other  times 
toward  your  left  hand  from  the  axis  of  the 
ecliptic  ; conffantly  varying  the  apparent 
angle  of  its  inclination,  according  to  the 
time  of  the  year. 

From  the  iilff  of  December  to  the  2 Iff 
of  June,  the  North  pole  of  the  Earth’s 
axis  lies  toward  the  right  hand  from  the 
axis  of  the  ecliptic,*  as  fcen  from  the  Sun ; 
and  moff  of  all  fo  on  the  20th  of  March. 
From  the  2 iff  of  June  to  the  2 Iff  of 
December,  the  North  pole  of  the  Earth’s 
axis  lies  more  or  lefs  to  the  left  hand,  as 
feen  from  the  Sun ; and  moff  of  all  fo  on  ^ 
the  23tli  of  September. 

I wifh  you  would  be  fo  good  as  to 
write  down  thefe  matters  for  me  when 
vou  are  at  leifure ; bccaufe  I am  afraid  I 
fhall  forget  them. 


N.  You 
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N,  You  may  depend  upon  it  that  I will; 
efpecially  as  they  are  the  very  principles 
on  which  we  are  now  about  to  conftru6d 
an  eclipfe  of'  the  Sun  : which  is,  in  the 
firft  place,  by  delineating  a figure  o[  the 
Earth,  with  its  axis,  equator,  S^c.  ^ ac- 
cording to  their  politions  as  luppofcd  to 
be  feen  from  the  Sun  (or  from  the  Moon 
juft  between  the  Earth  and  the  Sun)  at 
the  time  of  the  eclipfe.  INow,  wc  will 
go  to  work,  according  to  your  calculated 
elements. 

' Make  a fcale,  as  ?/  J C (PLATE  V;L 
J/V.  I.)  alinoft  half  the  length  of  the 
paper  intended  for  your  projeftlon,  and 
divide  it  into  6o  equal  parts  at  leap, 
reckoning  each  part  to  be  one  minute,  'or 

a fixtieth  part  of  a degree. Then,  i 

take  the  femidiameter  of  the  Earth's  clife, 
,,53  minutes,  32  feconds,  (or  53i)  from  the 
fcalc,  in  your  compaifes ; and  v;ith  that 
extent,  fet  one  foot  in  the  end  C of  the 
fcale,,  as  a center;  and  with  the  other  foot 
deferibe  the  femicirclc  A B for  the  cir- 
cumference of  the  northern  half  of  the 

G g Earth’s 
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Earth’s  illuminated  dife  or  furfaee,  be- 
caide  we  live  on  the  North  fide  of  the 
Equator  : and  continue  the  line  7/  A C on 
to  B ; fo  ^ B C fiiall  be  a portion  of  the 
Ecliptic  equal  to  the  diameter  of  the  Earth, 
as  feen  from  the  Sun  or  Moon  at  that 
time. 

From  the  center  C raife  the  line  C D //, 
perpendicular  to  ^ C B ; and  call  the  line 
C D H the  axis  of  the  ecliptic. 

Divide  the  quadrants  A D andD  B each 
into  90  equal  parts  for  degrees,  beginning 
at  D.  Then  conne6l  the  points  E and  G 
(which  are  degrees  on  each  fide  of  D) 
with  the  flraight  line  E F G;  in  which 
line,  the  North  pole  P of  the  Earth’s  dife 
will  always  be  found. 

Set  one  foot  of  the  compaffes  in  the 
point  Fj  where  the  line  E E'  G interfedts 
the  axis  of  the  Ecliptic  C D H ; and  hav- 
ing extended  the  other  foot  Irom  F to  E, 
or  from  F to  G,  deferibe  the  femicircle 
E H G,  and  divide  its  quadrant  H E into 
90  equal  parts  for  degrees,  becaufe  the 
Earth’s  axis  lies  to  the  left  hand  from  the 

i.  » 

axis  of  the  Ecliptic,  as  feen  from  the 
Sun  in  the  month  of  July. — If  the  Earth’s 

axis 
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axis  had  lain  to  the  right  hand  from  the 
axis  of  the  Ecliptic,  the  quadrant  H G muft 
have  been  divided  into  90  degrees,  and 
not  the  quadrant  H 

As  the  Sun  is  32  degrees,  42  minutes, 
40  feconds  (which  may  be  eftimated  32 
degrees  and  four-lixths,  or  two-thirds, 
of  a degree)  from  the  neareft  (or  fummer) 
foldice,  which  is  the  firft  point  of  Cancer, 
on  the  noon  of  the  14th  July  174S,  draw 
the  right  line  I P,  parallel  to  II  from 
32^  degrees  of  the  quadrant  II  E till  it 
meets  the  line  E F G at  P : then,  from 
P to  C draw  the  right  line  PC;  fo  P C 
fliall  be  the  northern  half  of  the  Earth’s 
axis,  and  P the  North  pole. 

As  the  Sun  is  on  the  North  fide  of  the 
Equator  in  July,  and  confequently  nearer 
the  point  of  the  Heaven  juft  over  London 
(or  the  vertex  of  London)  than  the  Equator 
is ; fubtra6l  his  declination,  9 degrees,  35 
minutes  (negle6fing  the  21  feconds)  from 
the  Latitude  of  London,  31  degrees,  30 
minutes,  and  the  remainder  will  be  3 1 de- 
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grces,  55  minutes,  for  the  Sun’s  diftance 
liom  the  vertex  of  London  on  the  noon  of 
July  the  14th. 

From  the  point  /r  (in  the  right  hand  fide 
of  the  femicircle  A D B)  3 1 degrees, 
55  minutes,  counted  upward  from  By  draw 
the  right  line  k I parallel  to  C 1)  : and, 
taking  the  extent  k I in  your  compalfes, 
fet  it  from  C to  XII  on  the  Earth’s  axis 
CP.  So,  the  point  XII  fhall  be  the  place 
of  London  on  the  Earth’s  dife,  as  feen 
from  the  Sun,  at  the  inftant  when  it  was 
noon  at  London  on  the  14th  of  July  174S. 

Add  the  Sun’s  declination,  li)^  to 
the  Latitude  of  London  51^  30',  and  the 
fum  will  be  71  desrrees^  5 minutes,  for  the 
Sun’s  diftance  from  the  vertex  of  London 
on  the  14th  of  July  at  midnight.  Ihcrc- 
Ibre, 

From  71o  5’,  counted  upward  in  the 
light  hand  fide  of  the  femicircle  A D B 
from  B to  ?;/,  draw  the  right  line  in  n pa- 
rallel to  C D.’  Then,  taking  the  extent 
ni  n in  your  compalfes,  fet  it  from  C to- 
wards or  beyond  P on  the  Earth’s  axis 
r P,  as  it  liappens  to  reach  Iliort  of 

P or 
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,P  oc  Ueyond  it : but  in  the  prefent  cafe, 
it  reaches  1b  little  above  P,  that  we  mav 
reckon  C P ^ ' be  its  whole  extent ; and 
Ibj  the  point  P fhall  reprefent  the  place 
or  lituation  of  London  at  midnight,  beyond 
the  illuminated  part  of  the  Earth’s  difc,  as 
fecn  from  the  Sun;  and  confequently  in 
the  dark  ^?art  thereof. 

Divide  the  part  of  the  Earth’s  axis  be- 
tween  XII  and  P into  two  equal  parts, 
XII  K and  P K:  then,  through  the  point 
K.  draw  the  right  fine  VI  K VI  perpendi- 
cular to  tlie  Earth’s  axis  C XII ;7Y  P. 

Subrt:ra61  the  Latitude  of  London,  51^ 
SO',  from  DOq.  OO'  ; and  there  will  re* 

main  38?  for  its  Co-latitude. Then, 

from  3 8 1,  counted  upward  from  2]  to 
t)  in  the  femicircle  A D P,  draw  the 
right  line  v zi>;  and,  liaving  taken  its  length 
in  your  compafTes,  fet  off  that  length  both 
ways  Irom  J{  in  the  Earth’s  axis  to  VI  and 
VI,  in  the  line  VI  7i  VI. 

Kow,  to  draw  tlie  parallel  of  Latitude 
of  I.ondon,  or  its  path  on  the  Earth’s 
difc,  as  feen  from  the  Sun,  from  the 

time 
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time  of  Sim<rife  till  the  time  of  Sun-fet 
at  London,  proceed  as  follows  ; 

The  compaffes  being  opened  from  K 
to  VI,  fet  one  foot  in  /f,  and  with  the  other 
foot  deferibe  the  femicircle  VI7891011 
12  1 2 3 4-  5 VI,  and  divide  it  into  twelve 
equal  parts.  Then,  from  the  diviiion-points 
(7  8 9,  &c.)  draw  the  right  lines  la  9c 
lOflf,  See.  all  parallel  to  the  Earth’s  axis 
C F,  as  in  the  figure. 

Set  one  foot  of  the  compaffes  in  /i, 
and  with  the  other  foot  deferibe  the  fe- 
‘micircle  PL  XII,  and  divide  its  quadrant 
XII  L into  fix  equal  parts,  as  at  the  points 
L 2,  3,  4,  5,  6,;  becaufe  the  Sun  is  on 
the  North  fide  of  the  Equator.  If  he 
had  been  on  the  South  tide  of  it,  the 
quadrant  F L (and  not  the  quadrant  Xll 
L)  mufl  have  been  fb  divided. 

Through  the  faid  divifion-points  of  the 
• quadrant  XII  L,  draw  the  right  lines 
XI  1 I,  X 2 II,  IX  3 in  VIII,  4 IV,  and 
VII  5 V,  all  parallel  to  the  right  line 
VI  X"  VI;  and,  through  the  points 
where  thefe  lines  meet  the  former  pa- 
rallel . 
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rallel  lines  8/>,  9c,  10^/,  &c.  draw 
the  elliptical  curve  VI  VII  VIII  IX  X XI 
XII  I II  III  IV  V VI;  which  may  be 
done  by  hand,  from  point  to  point;  and 
fet  the  hour-letters  to  thofe  points  where 
the  right  lines  meet  in  the  curve,  as  in 
the  figure.  The  curve  fliall  reprefent 
the  parallel  of  Latitude  of  London,  or, 
the  path  which  London  (by  the  Earth’s 
motion  on  its  axis)  appears  to  defcribe 

t 

on  the  earth’s  difc,  as  feen  from  the  Sun 
on  the’  14th'  of  July,  from  VI  in  the 
morning  till  VI  at  niglit : and  the  points 
VI,  VII,  VIII,  IX,  &c.  in  the  curve  fhall 
be  the  points  of  the  difc  where  London 
w^ould  be  at  each  of  thefe  hours  refpec- 
tively,  as  ften  from  the  S'un.  If  the 
-Sun’s  declination  had  been  as  far  South 
as  it  was  North,  the  dotted  curve  VI  p M 
VI  would  have  been  the  path  of  Lon- 
don ; which  muft  have  been  found  by 
dividing  the  quadrant  P P,  into  fix  equal 
parts,  and  drawing  lines  parallel  to  VI 
K VI  between  that  line  and  the  pole  P, 
and  continuing  the  lines  Sh,  9c,  &c.  till 
they  met  the  forefaid  parallel  lines  drawn 

through 
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through  the  dlviiion-poluts  of  the  qua-’ 
drant  L. — The  points  p and  G,  where 

the  elliptical  curve  touches  the  circumfe- 
rence of  the  dife,  denote  the  inffants  of 
the  Sun’s  rifing  and  fetting  at  London: 
for,  when  London  is  at  it  will  be  juft 
entering  into  the  enlightened  part  of 
the  Earth  ; and  going  into  the  dark,  wheii 
it  is  at  G. 

From  the  point  /T/,  viz,  5 degrees,  ,SS 
minutes  to  the  right  hand  of  tlic  axis 
of  the  Ecliptic  C i),  draw  the  right  line 
M C for  the  axis  of  the  Moon’s  orbit,  as 
ieen  from  the  Sun,  becaufe  the  Moon’s 
Latitude  is  North  dcscendhig,^  on  the  14th 
of  July  174S. — If  her  Latitude  had  been 
North  ascending,  the  axis  of  her  orbit 
mu  ft  have  been  drawn  5 degrees  35  mi- 
nutes on  the  left  hand  fide  of  the  axis  of 
•the  Ecliptic. 

Take  the  Moon’s  Latitude,  28'  6", 
from  C to  with  your  compafTes,  in  the 
fcale  A C,  and  fet  that  extent  from  C to 
q on  the  axis  {CD)  of  the  Ecliptic. — Then, 
through  the  point  <7,  draw  the  right 
line  N q 0 perpendicular  to  the  axis  of 

the 
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the  Moon’s  orbit  C z M : and  N ij  O t fhall 
be  the  path  of  the  center  of  the  Moon’s 
lhadow  over  the  'Earth and  will  repre- 
fent  as  much  of  the  , Moon’s  orbit,  feen 
from  the  Sun,  as  fb<“/ moves  through,  du; 
ring  the  time  that  her  fhadow  or  penumbra 
is  going  over  the  Eari?h.’ 

From  C,  on  the  Icale  A C,  take  the 
Moon’s  horary  motion  from  the  Sun,  27'  17 
in  your  com pafTes;  and  make  the  line  A B 
(Fig,  2.J  equal  in  length  to  that  extent : 
and  divide  the  laid  line  into  6o  equal  parts 
for  fo  many  minutes  of  time. — Then,  as 
the  time  of  new  Moon,  on  the  14th  of 
July  1748,  was  at  15  minutes,  3 feconds 
after  XI  o’clock,  take  15  minutes  (negle61- 
ing  the  three  feconds)  from  A to  a on  the 
line  A B in  your  compaifes,  and  fet  them 
off,  in  Fig*  I.  from  the  middle  point  be- 
tween q and  in  the  right  line  N q z O, 
to  XI  iff  that  line  ; becaufe  the  tabular 
time  of  new  Moon  is  mid-way  between 
the  point  y,  where  the  axis  C B of  the  Ec- 
liptic and  the  axis  CM  of  the  Moon’s  orbit 

Hh  ' cuts. 
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cuts  the  line  or  path  of  the  penumbra*^# 
center  on  the  Earth. 

Take  the  whole  length  of  the  line 
2.)  ki  yaur  compalfes ; and,  with 
that  extent,  make  marks  along  the  line 
N O (Fig,  1.)  both  v^ays  from  X[  > and 
fet  the  hour-letters  to  thefe  marks,  as  in 

the  figure. Then,  divide  each  fpace 

from' mark  to  mark  into  fixty  equal  parts 
or  horary  minutes,  which  fliall  fhew  the 
points  of  the  Earth^s  dife  where  the  cen- 
ter of  the  penumbra  falls,  at  every,  hour 
and  minute,  during  its  tranfit  over  the 
Earth. 

Apply  one  fide  of  a fquare  to  the  line’ 
of  the  penumbra’s  path  N O,  and  move 
the  fquare  forward  or  backward  till  the 
other  fide  cuts  the  fame  hour  and  minute, 

' as  at  s and  r,  both  in  the  path  of  the  penum- 
bra’s center  and  the  path  of  London:  and 
the  tninufCj  which  the  fquare  cuts  at  the 
fame  infant  in  both  thefe  paths,  is  the 
instant  of  the  vilible  conjundlion  of  the 

Sun  and  Moon  at  London : and  confe- 

« 

quently,  of  the  greateft  obfeuration  of  the 
Sun  by  the  Moon;  which,  according*  to 

the 


f 


LADY’S  ASTRONOMY. 


23J 


$ 


the  projedion,  is  at  3^  minutes  pad  X 
o’clock  in  the  morning. 

Take  the  Sun’s  femidiameter.  15'  50"  in 
your*  compafTes  from  the  fcale,  andtiet- 
ting  one  foot  at  r as  a center,  in  the  path 
of  London,  with  the  other  foot  defer ibe 
the  circle 5 for  the  Sun,  as  feen  from 
London  at  the  time  of  greatefl  obfeuration. 
Then,  take  the  Moon’s  femidiameter,  14' 
53,  in  your  compalfes  from  the  fcale;  and 
fetting  one  foot  in  the  Moon’s  path  at 

with  the  other  ‘ foot  deferibe  tlie  circle 
T U for  the  Moon,  as  feen  from  London, 
when  fhe  obfeures  mod  of  all  of  the  Sun, 
during  the  eelipfe : which  may  be  meafured 
by  a diameter  line  usr  x drawn  acrofs  the 
Sun  through  the  points  s and  r,  and  di- 
vided into  12  equal  parts  for  digits  of 
the  Sun’s  diameter  : of  which,  according 
to  'the  pro  lent  projeftion,  there  are  ,94  di- 
gits eclipfed. 

Take  the  femidiameter  of  the  penumbra 
o'.,  43  from  the  fcale  in  your  compaifes : 
and  fetting  one  foot  in  the  path  of  the 

H h 3 penumbra’s 
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penumbra's  center,  dire6l  tbe  other  foot 
to  the  path  of  London  among  the  morn- 
ing hours  at  the  left  hand ; and  carry 
that  jixteat  backwards  and  forwards,  till 
both  the  points  of  the  compaifes  fall  into 
the  fame  inftant  in  both  the  paths;  which 

inllants  will  denote  tbe  time  wlien  the  ec- 

* 

lipft  began  at  London.  I'hen,  do  the 
like  among  the  afternoon  hours ; and  where 
the  points  of  the  compatlfes  fall  into  the 
fame  infant  in  both  the  paths,  they  will 
fhew  at  what  time  the  eclipfe  ended  at 
London. — Thefe  trials  fhew  that  the  be- 
ginning of  the  eclipfe  was  juft  at  IX 
o’clock  in  the  morning,  and  its  ending  at 
7 minutes  after  XII  o’clock  at  noon,  as 
the  compaifes  reach  juft  from  IX  in  the 
path  of  London  to  IX  in  the  path  of 
the  penutnbra’s  center;  and  from  7 
nutes  after  Xll  in  the  path  of  London 
to  7 minutes  after  Xjl  in  the  path  of 

the  penumbra’s  center.- Thus,  we  have, 

at  laft,  finifhed  the  proje61ion,  and  found 
what  Wcis  wanted  to  be  known  from  it. 

The 
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E.  The  whole  procefs  is  veiy  plea- 
fantj  but,  I think,  it  is  fomewhat  tedi-^ 
ous. 

N,  That  is,  becaufe  we  have  be^n  ob- 
liged to  divide  the  femicircle  A D B and 
the  quadrant  E II  with  a pair  of  com- 
paffes. — If  the  Seftor  had  been  ufed,  the 
labour  would  have  been  much  fbortened, 
becaufe  we  could  have  taken  off  all  the 
meafures  direftly  from  it;  and  fb  have 
avoided  all  the  trouble  of  dividing,  not 
only  of  the  femicircle  and  quadrant,  but 
alfo  even  of  the  fcale.  . 

E.  I wifh  you  would  teach  me  how  to 
ufe  the  Se61or. 

N,  I will  fend  to  , my. mathematical  in- 
ilrument-maker,  Mr.  Bcnnct^  in  Crown- 
Court,  near  St.  Ann’s  Church,  Soho,  for 
a complete  cafe  of  mathematical  inftru* 
ments;  and  will  make  you  a prefeht  of 
it,  and  inftru6l  you  how  to  ufe  them 
before  I -leave  this  , place.  In  the  mean 
time,  I will  ask  you  a few  queftions  re- 
lative to  the  fubje6ls  we  have  been  up- 
on: and,  if  you  can  anfwer  them  cle- 
verly, I fliall  not  fcruple  to  tell  you, 

that 
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that  you  have  made  a very  extraordinary 
progreis. 

E.  I thank  you,  Sir,  for  your  intend- 
ed prefent  and  future  inftru6lions:  and 
will  anfvver  your  quellions  as  well  as  I 
can^* 

N.  What  would  be  the  confequence, 
if  the  earth  were  fixed  in  any  point  of 
its  orbit,  fb  as  to  have  no  progreffive 
motion  therein ; and  to  turn  round  its 
axis  with  its  prefent  velocity,  having  its 
axis  perpendicular  to  the  place  of  the 
Ecliptic  ? 

E.  The  f)lar,  or  natural  day  would, 
be  of  the  fame  length  with  the  fydereal 
day;  which  is  equal  to  23  hours,  56  mi- 
nutes, 4 feconds  of  the  time  now  mea- 
fured  by  a well  regulated  clock.  The 
Sun  would  conftantly  appear  to  revolve 
in  the  Equator,  days  and  nights  would 
always  be  of  an  equal  length  at  all 
places,  either  near  the  poles  or  far  from 

* The  substance  of  what  Is  here  put  down,  by  way  ofquesr 
lion  and  answer,  was  gi-ven  by  the  author  some  time  ago  to  a 
gentleman  who  has  since  published  it,  not  without  the  author^s 
le^ve,  at  the  end  of  a printed  book. 
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them.  And  confequently,  there  would 
be  no  different  feafbns. 

N-.  What  would  be  the  confequcnce, 
i<f  the  Moon’s  didance  from  the  Earth 
was  fuch,  as  that  Ihe  fhould  appear  to 
be  of  the  fame  magnitude  with  the  Sun  ; 
that  her  orbit  were  circular,  and  lay  in 
the  plane  of  the  Ecliptic;  and  that  ffie 
moved  round  the  Earth  in  her  orbit  with 
her  prefent  velocity  ? 

E.  The  Moon  would  always  revolve 

0 

in  the  plane  of  the  Equator;  and  (fup- 
poling  the  Earth  had  no  progrefiive  mo- 
tion in  its  orbit)  the ' Moon  would  go 
round  from  change  to  change  in  the  . 
time  fhe  now  goes  round  her  orbit, 
which  is,  in  27  days,  7 hours,  43  mi- 
nutes, 5 feconds.  The  diameters  of  the 
Sun  and  Moon  would  always  appear  to 
be  equal.  The  Moon  would  ecliple  the 
Sun  totally,  for  an  indant  of  time,  at 
all  thofe  places  over  which  the  center 
of  her  ffiadow  paffed,  which  would  be 
direclly  along  the  Equator.  The  eclipfes 
would  be  only  partial  on  different  fidcs 
of  the  Equator,  and  never  vifible  at 


more 
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more  than  ^350  miles  from  it.  The 
Moon  would  be  totally  eclipfed  in  the 
Earth's  fhadow  at  every  time  fhe  was 
full ; and  the  durations  of  all  her  eclipfes 
would  be  eq-ual.' 

N.  What  would  be  the  confequence, 
if  the  Moon's  orbit  acquired  an;  elipti- 
cal  for;m5  fuch  as  it  is  now  of;  that  it 
continued  in  the  plane  of  the  Ecliptic, 
and  the  Earth  had  no  progrdfive  motion, 
but  only  turned  round  its  axis  as  before  ? ' 

E.  The  lengths  of  days  and  nights 
would  be  the  fame  as  above,  and  the  times 
between  the  new  'or  full  Moons  would 
remain  the  lame.  The  Sun  "would  be  ec- 
lipfed (as  above)  at  every  change,  and  the 
Moon  at  every  full ; and  the  center  of 
the  Moon's  lhadow,  when  the  Moon  is 
new,  would  always  pafs  along  the  Equator. 

If  the  changes  fell  in  that  part  of  the  . 
Moon’s  orbit  which  is  furtheft  from  the 
Earth,  the  Sun  would  never  be  totally  ec- 
lipfed ; but  would  appear  like  a fine  lumi- 
nous ring  all  round  the  dark  body  of  the 

Moon, 
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Moon,  at  thefe  places  on  the  Equator  where 
the  Moon  was  directly  over  liead  at  the 
inltant  of  the  change.  If  the  changes  fell 
in  that  part  of  the  Moon’s  orbit  which  is 
neareft  the  Earth,  all  the  eclipfes  of  the 
Sun  would  be  total  at  the  Equator,  for 
about  four  minutes  of  time ; But  if  they 
fell  in  either  of  the  two  parts  of  the  Moon’s 
orbit,  which  are  at-  a mean  between, 
thofe  parts  which  are  at  the  greatcB  and 
lead  diflance  from  the  Earth,  the  eclipfes 
of  the  Sun  would  be  juft  total  for  an  in- 
ftant  of  time  at  the  Equator,  and  no  where 
elfe.  All  the  Moon’s  eclipfes  would  be 
total  with  continuance,  as  above. 

N.  Suppofe  now,  that  the  Earth  fhould 
revolve  about  the  Sun,  with  its  prefent  ve* 
locity,  in  the  plane  of  the  Ecliptic,  its  axis 
keeping  always  perpendicular  thereto:  that 
the  Moon  fhould  revolve  as  above,  with 
her  prefent  velocity;  and  that  her  orbit 
fhould  remain  always  in  the  plane  of  the 
Ecliptic  ? 

E.  In  that  cafe,  the  days  and  nights 
would  always  continue  (as  above)  of 

I i equal 
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equal  length;  only  the  24<  folar  hours 
would  be  3 minutes,  56  feconds  longer  than 
the  24  fydereal  hours,  as  they  now  are  ; 
but  there  would  be  no  different  feafons. 
The  Moon  would'go  round  her  orbit  in  27 
days,  7 hours,  43  minutes,  5leconds;  and 
round  from  the  Sun  to  the  Sun  again,  or 
from  change  to  change,  in  29  days,  12  hours, 
44  minutes,  3 feconds  ; as  ftie  now  does. 
The  Sun  would  be  eclipied  (as  above)  at 
every  change,  and  the  Moon  at  every  full ; 
and  all  the  Sun’s  eclipfes  would  be  cen- 
tral only  at  the  Equator  ; but  they  would 
Ibmetimes  be  total  there  for  four  minutes, 
Ibmetimes  total  only  for  an  inhant,  and  at 
other  times  annular;  according  to  the  dif- 
tance  of  the  moon  from  the  Earth  in  dif- 
ferent parts  of  her  elliptical  orbit  at  thefe 
times. 

N.  With  the  above  circumftances,  rela- 
ting to  the  Earth’s  progreffive  motion  in 
its  orbit,  and  the  Moon’s  motion  in  her 
, orbit;  what  would  be  the  confequence  if 
the  Earth’s  axis  fhould  become  inclined  to 
the  Ecliptic,  as  it  now  is ; and  the  Earth  . 

turn 
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turn  round  its  axis  with  its  preftnt  velo- 
city ? 

E.  We  Ihould  have  all  the  variety  of 
feafons  we  now  enjoy.  The  times.  be« 
tween  the  new  and  full  Moons  would  be 
the  fame  as  in  the  lafl  anfwer  above,  and 
the  eclipfes  of  the  Sun  and  Moon  the  fame. 
Only,  the  Suifs  centra)  eclipfes  would  not 
fall  always  at  the  Equator,  but  fbmetimcs  on 
one  lide  of  it,  and  fbmetimes  on  the  other; 
that  is,  between  the  Equator  and  that  pole 
of  the  Earth  which  was  inclined  toward  the 
Sun  at  the  time  of  the  eclipfe.  In  our 
Spring,  the  center  of  the  Moony's  fhadovv . 
would  go  obliquely  over  the  Earth,  from 
the  fouthern  tropic  to  the  northern.  In 
fu miner,  the  fhadow  would  begin  to  take 
the  Earth  at  the  Equator,  and  thence  bend 
its  courfe  to  the  northern  tropic,  and  from 
that  tropic  to  the  Equator  again,  v/here 
it  would  leave  the  Earth.  In  our  autumn, 
the  center  of  the  Moon’s  fhadow  would 
go  obliquely  over  the  dearth,  from  the 

northern  tropic  to  the  fouthern.  And 

in  winter,  it'  would  take  the  Earth  at  the 

I i 2 Equator, 
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Equator,  from  which  it  would  bend  its 
courfe  to  the  fbuthern  tropic,  and  go  on 
obliquely  from  that  tropic  to  the  Equator, 
where  it  would  leave  the  Earth.  And, 
in  each  of  thefe  four  cafes,  the  Sun’s  ec- 
lipfes  would  be  central  to  all  the  parts  of 
the  Earth  over  which  the  center  of  the 
Moon’s  fliadow  palTed ; fbmetimes  total 
only  for  an  inftant,  fometimes  total  for 
four  minutes,  and  at  other  times  only’  an- 
nular.  I'he  eclipfes  of  the  Moon  would 

be  as  abo\'e. 

,N.  Suppofing  now,  that  the  Moon’s 
orbit  fhould  become  inclined  to  the  Ec- 
liptic, as  it  is  at  prefent,  but  that  her  nodes 
fhould  have  no  motion  therein ; and  every 
other  circumftance  flaould  remain  as  in  the 

laft  queftion  ? ^ 

E,  Then,  the  Sun  would  never  be  ec- 
lipfed  at  more  than  17  degrees  from  either 
of  the  nodes,  at  the  time  of  any  new 
Moon  whatever;  nor  would  the  Moon 
be  eclipfed  at  more  than  12'  degrees  from 
either  of  the  nodes  at  any  time  whatever 

of 
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of  being  full.  So  that  we  fhoukl  have 
but  few  eclipfes  (as  is  now  the  cafe)  in 
comparifbn  of  the  number  of  our  new 
and  full  Moons.  And  the  eclipfes  would 
be  confined  to  the  fame  feafons  of  the 
year ; for  there  would  be  half  a year  be- 
tween thofe  which  happened  about  ,one 
node  and  about  the  other,  becaufe  there 
would  be  juft  half  a year  between  the 
conjunclions  of  the  Sun  with  one  node  and 
with  the  other. 

iV.  Every  thing  remaining  as  above,  ex- 
cepting the  ftability  of  the  nodes,  and  of 
thofe'  two  points  of  the  Moon’s  orbit  which 
are  moft  and  leaft  diftant  from  the  Earth  : 
•what  would  be  the  confequence  if  thefe 
}X)ints  acquired  a direa  or  forward  motion 
in  the  Moon’s  orbit,  and  her  nodes  a back- 
ward or  retrograde  motion  ; as  they  now  ' 
have  ? 

h.  I believe  every  circumftance  would 
be  as  it  now  is  : and  therefore,  we  fhould 
have  all  the  variety  of  eclipfes  that  now 
cxifts  in  nature. 

Well  done,  iLudosia ! — "—You  have 
anfvvered  all  my  queftions  to  my  mind : 

I which 
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which  you  could  not  polLbly  have  done, 
unlefs  you  had  very  well  remembered  the 
fubie6\s  we  have  been  upon,  in  all  our 
Ten  Dialogues.  This,  I think,  may  be 
our  1 aft  on  Aftronomy;  bccaufe  your  ap- 
plying to  books  will  ruperfede  all  neceffity 
of  our  having  any  more. 

E.  But  I am  extremely  forry,  brother, 
to  have  heard  yefterday,  that  you  are  to 
fet  out  for  Italy  in  a few  days,  which  is 

much  fooner  than  was  expected.  I fnall 
mifs  you  fadly  ; — and  as  you  will  probably 
be  gone  before  1 can  read  Fcrguso?is  Aftro- 
nomy  quite  through,  I ftiould  be  glad  tor 
know  whether  you  would  have  me  to  read 
' any  other  book  upon  the  like  fubjeft  after- 
ward . 

AT.  By  all  means Here  is  Do6tor 

Lon E s Ai^ronomv: — take  it  and  keep  it  ;• 
for  it  will  afford  you  a great  deal  of  en- 
tertaining and  pleafing  knowledge,  efpe-^ 
dally  in  the  hiftorical  part. — You  may 
ftdp  over  thpfe  parts  which  are  geome- 
trical, as  I fhall  not  now  have  time  to 
inftrud  you  in  that  branch  of  fcicnce.- 
"Tis  true,  ihe  volume  is  large;  but  I 

will 
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will  anfwer  for  it,  that  by  the  time  you 
have  got.  to  the  end,  you  will  wifli  it  had 
been  much  larger,  and  that  the  Do61or 
would  finilh  his  fecond  volume. 

Permit  me,  dear  brother,  to  thank 
you  mpft  fincerely  for  this  valuable  prefect. 
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The  description  and  use  of  the  Globes,  and 
Armillary  Sphere, 

If  a map  of  the  world  be  accu- ^he 
rately  delineated  on  ai  fpherical  ball^/"^/ 
the  furface  thereof  will  reprefent  the 
furface  of  the  earth : for  the  higheft 
hills  are  fb  inconliderable  with  ref- 
pe6l  to  the  bulk  of  the  earth,  that  ' 
they  take  off  no  more  from  its  round- 
nefs,  than  grains  of  fand  do  from  the 
roundnefs  of  a common  globe;  for  the 
diameter  of  the  earth  is  8000  miles,  in 

a 2 round 
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Of  the  Heavens  and  the  Earth, 


, round  numbers,  and  no  known  hill 
upon  it  is  three  miles  in  perpendicular 
height. 

Proof  of  \That  the  earth  is  ipherical,  or 

^ appears,  1.  fiprn  its 

Mar.  cafting  a round  fhadow  upon  the  moon, 
whatever  iide  be  turned  towards  her 
when  fhe  is  eclipfed.  2.  From  its  hav- 
ing been  failed  round  by  feveral  per- 
fons.  3.  From  our  feeing  the  farther, 
the  higher  we  ftand.  4.  From  our 
feeing  the  malls  of  a fh'ip,  whilft  the 
hull  is  hid  by  the  convexity  of  the 

water. 

• _ 

And  that  The  attradlive  power  of  the  earth 
peopled  draws  all  terrellrial  bodies  towards  it§ 
on  all  fidcs  center;  as  is  evident  from  the  defcent 
TnV  one’s  of  bodies  ill  lines  perpendicular  to  the 
being  in  earth’s  furface,  at  the  places  whereon 

danger  ot  . ■'  > 

falling  they  rail ; even  when  ttiey  are  thrown, 
avvay  from  fpom  the  earth  on  oppodte  fides,  and 

confequently,  in  oppofite  dire6\ions. 
So  that  the  earth  may  be  compared  to 
n great  magnet  rolled  in  iilings  of 
fteel,  which  attradls  and  keeps  them 
equally  fall  to  its  furface  on  all  fides. 
Hence  as  all  terrellrial  bod  ies  are  attra6i- 
ed  towards  the  earth’s  center,  they  can 
be  in  no  danger  of  falling  frorn  any  Iide 
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of  the  earth,  more  than  from  any  otlier. 

The  heaven  or  fky  furromids  the  u/>  ami 
whole  earth  j and  when  we  fpeak  ■ 

or  rte’w,  we  mean  only  with  regard 
to  ourlelves  ; for  no  point,  either  in  the 
heaven,  or  on  the  fliriace  of  the  earth, 
is  above  or  heloxv,^  but  only  with  refpe6t  • • - 
to  ourfelves.  And  let  us  be  upon  what 
part  of  the  earth  we  will,  we  ftand  with 
our  feet  towards  its  center,  and  our 
heads  towards  the  Iky:  and  fo  we  fay, 
it  is  up  to  the  Hey,  and  dowi  towards 
the  center  of  the  earth. 

To  an  obferver  placed  any  where  in  aii  ob. 
the  indefinite  fpaco,  where  there  is  no-  ’^^'^V" 

1-  T • 1-  . ,,  , the  htavcu 

thing  to  limit  his  vie^v,  all  remote  ob-appe:u  e- 
je6ls  appear  equally  didant  from  him ; 
and  feeni  to  be  placed  in  avail:  concave 
fpherc,  of  which  his  eye  is  the  center. 

Every  ^aftronomer  can  demonlirate, 
that  the  moon  is  much  nearer  to  us 
* than  the  fun  is;  that  fome  of  the  pla- 
nets are  fbmetimes  nearer  to  us,  and 
fometimes  farther  from  us,  than  the 
fun;  that  others  of  them  never  come  f>- 
near  us  as  the  fun  always  is;  that  the 
remoted  planet  in  our  fydem  is  be- 
yond comparilbn  nearer  to  us  than  any 
of  the  fixed  liars  are;  and  that  it  is 
highly  probable  fome  dars  are,  in  a 

manner. 
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manner,  infinitely  more  diftant  from  us 
than  others.  And  yet  all  thefe  ceieftial 
obje6fs  appear  equally  diftant  from 
us.  ' Therefore,  if  v/e  imagine  a large 
hollow  fphere  of  glafs  to  have  as  many 
bright  ftuds  fixed  to  its  infide  as  there 
are  ftars  vilible  in  the  heaven,  and 
thefe  fluds  to  be  of  different  magni- 
tudes, and  placed  at  the  fame  angular 
diftances  from  each  other  as  the  liars 
are;  the  fphere  will  be  a true  repre- 
fentation  of  the  fiarry  heaven,  to  an 
eye  fuppofed  to  be  in  its  center  and 
viewing  it  all  around.  And  if  a fmall 
globe,  with  a map  of  the  Earth  upon  it, 
be  placed  on  an  axis  in  the  center  ofthis 
fiarry  fphere,  and  the  fphere  be  made 
to  turn  round  on  this  axis,  it  will  re- 
prefent  the  apparent  motion  of  the  hea- 
vens round  the  earth. 

If  a great  circle  be  fo  drawn  upon  this 
fphere,  as  to  divide  it  into  two  equal 
parts,  or  hemifpheres,  and  the  plane 
of  the  circle  be  perpendicular  to  the’ 
axis  of  the  fphere,  this  circle  will  re- 
prefent  the  c(/ninoctial,*  which  diiddes 
the  heaven  into  two  equal  parts, 
called  the  northern  and  tiie  southern 
hemispheres]  and  every  point  of  that 
circle  will  be  equally  diflant  from 

the 
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the  poles^  or  ends  of  the  axis  inpo/^j. 
the  fphere.  Tliat  pole  which  is  in  the 
' middle  of  the  northern  hemifphere 
will  be  called  the  north  pole  of  the  sphere^ 
and  that  which  is  in  the  middle  of  the 
fouthern  hemifphere,  the  south  pole. 

If  another  great  circle  be  drawn  up- 
on the  fphere,  in  fuch  a manner  as  to  / 
cut  the  equino61ial  at  an  angle  of  23-5; 
degrees  in  two  oppoiite  points,  it  will 
reprefent  the  ecliptic^  or  circle  of  the  The  ecup- 
fun’s  apparent  annual  motion:  one^^^’ 
half  of  which  is  on  the  north  lide  of 
the  equiiio61ial,  and  the  other  half  on 
the  fouth.  ' 

Jf  a large  ftud  be  made  to  move  eaft- 
ward  in  this  ecliptic,  in  fiich  a manner  ' 
as  to  go  quite  round  it  in  the  time 
that  the  Iphere  is  turned  round  weft- 
ward  3(5^  times  upon  its  axis;  this 
ftud  will  reprefent  the  changing  xhc/ax 
his  place  every  day  a 365th  part  of  the 
ecliptic;  and  going  round  weftward, 
the  fame  way  as  the  liars  do ; but 
with  a motion  fo  much  flower  than 
the  motion  of  the  ftars,  that  they  will 
make  366  revolutions  about  the  axis 
of  the  fphere,  in  the  time  that  the 
fun  makes  only  365  During  one  half 
of  thefe  revolutions,  the  fun  will  be 

on- 
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' on  the  north  lide  of  the  equinodtial 
during  the  other  half,  on  the  fouth; 
and  at  the,  end  of  each  half,  in  the 
equinodtial. 

Thceart/i,  jf  fuppofe  the  teiTeflrial  globe  in 
this  machine  to  be  about  one  inch  in 
diameter,  and  the  diameter  of  the  flar- 
ry  fphere  to  be  about  five  or  fix  feet, 
a fmall  infed  on  the  globe  would  fee 
only  a very  little  portion  of  its  furface; 
but  it  would  fee  one  half  of  the  ftarry 
fphere;  the  convexity  of  the  globe  hi- 
The  appa-  ding  the  other  half  from  its  view.  If  the 
of  the  fphere  be  turned  weffward  round  the 
heavens,  globe,  and  the  infed  could  judge  of the 
appearances  which  arife  from  that  mo- 
tion, it  would  fee  fome  ftars  riling  to  its 
view  on  the  eaffern  fide  of  the  fphere, 
whilft  others  were  fetting  on  the  wefl- 
ern : but,  as  all  the  ftars  are  fixed  to 
the  fphere,  the  fame  ftars  would  al- 
ways rife  in  the  fame  points  of  view 
on  the  eaft  lide,  and  fet  in  the  fame 
points  of  view  on  the  weft  lide.  With 
the  fun  it  would  be  otherwife,  becaufe 
the  fun  is  not  fixed  to  any  point  of  the 
fphere,  but  moves  flowly  along  an 
oblique  circle  in  it.  And  if  the  infed 
flmuld  look  towards  the  fouth,  and 
call  that  point  of  the  globe,  where 

the 
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the  equino6Ual  in  the  fphere  feems  td 
cut  it  on  the  left  lide,  the  cast  point; 
and  where  it  cuts  the  globe  on  the 
right  fide,  the  ivest  point',  the  little 
animal  would  fee  the  fun  rife  north 
of  the  eaft,  and  fet  north  of  the  weft, 
for  I82i  revolutions;  after  which, 
for  as  many  more,  the  fun  would  rife 
fouth  of  the  eaft,  and  fet  fouth  of  the 
weft.  And  in  the  whole  365  revoluti- 
ons, the  fun  would  rife  only  twice  in 
the  eaft  point,  and  fet  twice  in  the  weft. 
All  thefe  appearances  would  be  the 
fame,  if  the  ftarry  fphere  flood  flill 
(the  fun  only  moving  in  the  ecliptic) 
and  the  earthly  globe  were  turned 
round  the  axis  of  the  fphere  call  ward. 
For,  as  the  infect  would  be  carried 
round  with  the  globe,  he  would  be 
quite  infenfible  of  its  motio^;  and  the 
fun  and  ftars  would  appear  to  move 
weft  ward. 

We  are  but  very  fmall  beings  when 
compared  with  our  earthly  globe;  and 
the  globe  itself  is  but  a^dimenfionlefs 
point  compared  with,  the  magnitude 
of  the  ftarry  heavens.  Whether  the 
earth  be  at  reft  and  the  heaven  turns 
round  it,  or  the  heaven  be  at  reft  and 
the  earth  turns  round,  the  appearance 

b to 
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to  US  will  be  exa61l7  the  fame.  And 
becaufe  the  heaven  is  fo  immenfely 
large  in  comparifon  of  the  earth,  we 
fee  one  half  of  the  heaven  as  well  from 
the  earth’s  furface,  as  we  could  do  from 
its  center,  if  the  limits  of  our  view  are 
not  intercepted  by  hills. 

We  may  imagine  as  many  circles 
defcribed  upon  the  earth  as  we  pleafe ; 
and  we  may  imagine  the  plane  of  any 
circle  defcribed  upon  the  earth  to  be 
continued,  until  it  marks  a circle  in  the 
concave  fphere  of  the  heavens. 

The  horizon  is  either  sensible  or  rail- 
onaL  The  sensible  horizon  is  that  cir- 
cle, which  a man,  /landing  upon  a . 
large  plane,  obferves  to  terminate  his 
view  all  round,  where  the  heaven  and 
earth  feem  to  meet.  The  plane  of  our 
fenfible  horizon,  continued  to  the  hea- 
ven, divides  it  into  two  hemifpheres; 
one  vifible  to  us,  the  other  hid  by  the 
convexity  of  the  earth. 

The  plane  of  the  rational  horizon 
is  fuppofed  pj^rrallel  to  the  plane  of 
the  fenfible;  to  pafs  through  the  cen- 
ter of  the  earth,  and  to  be  continued 
to  the  heavens.  And  although  the 
plane  of  the  fenfible  horizon  touches 
the  earth  in  the  place  of  the  obferver, 

yet 
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yet  this  plane  and  that  of  the  rational 
horizon,  will  feem  to  coincide  in  the 
heaven,  becaufe  the  w^hole  earth  is  but 
a point  compared  to  the  fphere  of  the 
heaven. 

The  earth  being  a fpherical  body, 
the  horizon,  or  limit  of  our  view, 
mull  change  as  we  change  our  place. 

d'he  poles  of  the  earth  are  thofe  two 
points  on  its  furface  in  whidi  its  axis 
terminates.  I'he  one  is  called  the  north 
pole^  and  tlie  other  the  south  pole. 

The  poles  of  the  heaven  are  thofe  two 
points  in  which  the  earth’s  axis  pro- 
duced terminates  in  the  heaven:  fo 
that  the  north  pole  of  the  heaven  is 
dire6lly  over  the  north  pole  of  the 
earth ; and  the  south  pole  of  the  heaven 
is  dire6lly  over  the  ibuth  pole  of  the 
earth. 

The  c(juator  is  a great  circle  upon  Equator, 

V the  earth,  every  part  of  which’is  equally 
diftant  from  either  of  the  poles.  It 
divides  the  earth  in  two  equal  parts, 
called  the  non  hern  and  southern  hetnis-r 
pheies.  If  we  fuppofe  the  plane  of  this 
circle  to  be  extended  to  the  heaven,  it 
will  mark  the  equinoHial  therein,  and 
will  divide  the  heaven  into  two  equal 
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parts,  called  the  northern  and  southern 
hemifpheres  of  the  heaven. 

The  meridifin  of  any  place  is  a great 
circle  palling  through  that  place  and 
the  poles  of  the  earth.  We  may  ima- 
gine as  many  fuch  meridians  as  v^^e 
pleafe,  becaule  any  place,  that  is  ever 
fo  little  to  the  ealt  or  weft  of  any  other 
place,  has  a different  meridian  from 
that  place ; foy  no  one  circle  can  pals 
through  any  two  fuch  places  and  the 
poles  of  the  earth. 

The  meridian  of  any  place  is  divided 
by  the  poles  into  two  femicircles;  that 
which  paffes  through  the  place  is  called 
tlie  geographical  or  iipper  meiidian;  and 
that  which  palfes  tlirough  the  oppofite 
.place  is  called  the  lotvcr  meridian. 

\\Ten  the  rotation  of  the  earth  brings 
the  plane  of  the  geographical  meridian 
to  the  fun,  it  is  noon  or  7iiid-day  to  that 
place;  and  when  the  lower  meridian 
corTiCS  to  the  fun,  it  is  midnight. 

All  places  lying  under  the  fame  geo- 
graphical meridian  have  their  noon 
at  the  fame  time,  and  confequently  all 
the  other  hours.  All  thofe  places  are 
faid  to  have  the  fame  longitude^  becaufe 
no  one  of  them  lies  either  eallward  or 


weffward  from  any  of  the  reft. 


If 
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If  we  imagliie  semicircles,  one 
v^hich  is  the  geographical  meridian  of 
a given  place,  to  meet  at  the  poles,  and 
to  divide  the  equator  into  equal 
parts,  each  of  thefe  meridians  will 
come  round  to  the  iua  in  hours,  by 
the  fun’s  equable  motion  loiind  its  ' 
axi^'  in  that  time.  And,  as  the  equator 
contains  36‘0  degrees,  there  will  be  15 
degrees  contained  between  any  two  of 
thefe  meridians  which  are  ncarefi;  to 


one  another:  for  SJ4-  times  15  are  36'0. 

And  as  the  earth’s  motion  is  eaftward, 
the  fun’s  apparent  fnotion  will  be  well- 
\ward,  at  the  rate  of  15  degrees  each 
hour : Therefore, 

They  whofe  geographical  meridian  ungUtuU, 
is  15  degrees  eaftward  from  us,  have 
noon,  and  every^  other  hour,  an  hour 
fooner  than  we  have.  They  whofe 
meridian  is  fifteen  degrees  weftward 
from  us,  have  noon,  and  every  other 
hour,  an  hour  later  tha'n  we  have : and 
loon  in  proportion,  reckoning  one  hour  • 
for  every  fifteen  degrees. 

As  the  eartli  turns  round  its  axis 
once  in  24  hours,  and  fliews  itfeli'ail 
round  to  the  fun  in  that  time,  fo  it 
goes  round  the  fun  once  a year  in  a 
great  circle  called  the  rc//y^//c,  which  EcUptu. 

croftes 
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crofTes  the  equinocUal  in  two  oppolite 
points,  making  an  angle  of  degrees 
with  the  equino£Hal  on  each  lide.  So 
that  one  half  of  the  ecliptic  is  in  the 
northern  hemisphere,  and  the  other  in 
the  fouthern.  It  contains  360  equal 
parts,  called  degrees  (as  all  other  circles 
do,  whether  great  or  fmall)  and  as  the 
earth  goes  round  it  every  year,  the  fun 
will  appear  to  do  the  fame,  changing 
his  place  almofi:  a degree,  at  a mean 
rate,  every  24^  hours.  So  that  whate- 
ver place,  or  degree  of  the  ecliptic,  the 
earth  is  in  at  any  time,  the  fun  will 
then  appear  in  the  oppolite.  And  as 
one  half  of  tl^e  ecliptic  is  on  the  north 
lide  of  the  equinoctial,  and  the  other 
half  on  the  Ibuth,  the  fun,  as  feen 
from  the  earth,  will  be  half  a year  on 
the  fouth  fide  of  the  equinoctial,  and 
half  a year  on  the  north : and  twice  a 
year  in  the  equinoCtial  itlelf. 

The  ecliptic  is  divided  by  afirono- 
mers  into  12  equal  parts,  called  signs^ 
each  lign  into  30  degrees^  and  each  de- 
gree into  60  ininutcs:  but,  in  uling  the 
globes,  we  feklom  want  the  fun’s  place 
nearer  than  half  a degree  of  the  truth. 

The  names  and  characters  of  the  12 
fgns  are  as  follow;  beginning  at  that 
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point  of  the  ecliptic  where  it  croffes 
the  equinoftial  to  the  northward,  and 
reckoning  eafiward  round  to  the  fame 
point  again ; and  the  days  of  the 
months  on  which  the  fun  now  enters 
the  figns  are  fet  down  below  them : 


Aries, 

Taurus, 

Gemini, 

Cancer, 

T 

W 

n 

March 

April 

May 

June 

20 

20 

21 

31 

Leoj 

Virgo, 

Libra, 

Scorpio, 

SI 

•A# 

rri 

July 

Auguft 

September 

061ober 

O 

O 

n 

^3' 

Sngittariusy  Capricorn^  Aquarius^  Pisces, 

^ 'Vtp  X 

N ovember  December  January  February 

20  l8 

By  remembering  on  what  day  the  . 
fun  enters  any  particular  fign,  we  may 
eaiily  find  his  place  any  day  afterward,  , 
whilfi:  he  is  in  that  fign,  hy  reckoning 
a degree  for  each  day;  which  will  occa- 
fion  no  error  of  confequence  in  ufing 
the  globes. 


When 
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When  the  fun  is  at  the  beginning 
of  Aries,  he  is  in  the  equino6\ial ; and 
from  that  time  he  declines  northward 
every  day,  mitil  he  comes  to  the  begin- 
ning  of  Cancer^  which  is  23-2-;  degrees 
from  the  equinodlial:  from  thence  he 
recedes  fouthward  every  day,  for  half 
a year;  in  the  middle  of  which  half, 
he  crolfes  the  equino61ial  at  the  begin- 
ning of  Libra^  and  at  the  end  of  that 
half  year,  he  is  at  his  greatell;  fouth 
declination,  in  tlie  beginning  of  Capri^ 
com^  which  is  allb  23  ^ degrees  from 
the  equinodial.  Then,  he  returns 
northward  from  Capricorn  er^ry  day, 
for  half  a year;  in  the  middle  of  which 
half,  he  erodes  the  equinodlial  at  the 
beginning  oi  Aries^  and  at  the  end  of 
it  he  arrives  at  Cancer, 

The  fun’s  motion  in  the  ecliptic  is 
not  perfectly  equable,  for  he  continues 
eight  days  longer  in  the  northern  half 
of  the  ecliptic,  than  in  the  fouthern; 
fo  that  the  fumrner  half  year  in  the 
northern  hemifphere  is  eight  days 
longer  than  the  winter  half  year;  and 
the  contrary  in  the  fouthern  hemif- 
phere. 

The  t'ropicks  are  lelTer  circles  in  the 
heaven,  parrallel  to  the  equino61:ia] ; 

one 
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one  on  each  fide  of  it,  touching  the 
ecliptic  in  tlie  points  of  its  greatefl 
declinatioii;  fo  that  each  tropic  is 
degrees  from  the  equinoftia!,  o.ie  on 
the  north  fide  of  it,  and  the  oth  ?r  on 
the  fouth.  The  northern  troific  toadies 
the  ecliptic  at  the  beginning  of  Cancer.^ 
the  fouthern  at  the  beginning  of  Ca- 
priconi;  for  which  reafon  the  former 
is  called  the  tropic  of  Cancer^  and  the 
latter  the  tropic  of  Capricorn.*' 

The  polar  circles  in  the  lieaven  are  Poiar  fir 
each ‘23 degrees  from  the  poles,  all 
around.  That  which  goes  round  the 
north  pole  is  called  the  Arctic  circle, 
from  which  fignifies  a bear^, 

there  being  a confte^lation  or  group 
of  ftars  near  the  north  pole,  wifich 
goes  by  tliat  name.  I'he  fouth  polar 
circle  is  called  the  antarctic  circle^  from 
its  being  oppoiite  to  the  arctic. 

The  ecliptic,  tropics,  and  polar  cir- 
cles are  drawn  up'on  the  terrefirial 
globe,  as  well  as  upon  the  celeftial. 

But  the  ecliptic,  being  a great  fixed 
circle  in  the  lieavens,  cannot  properly 
befaid  to  belong  to  the  ter rdl rial  globe;  ' 
and  is  laid  down  upon  it  only  for  the 
conveniency  of  folving  fbme  problems. 

So  that,  if  this  circle  on  the  terredrial 

C globe 
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globe  was  properly  divided  into  the 
months  and  days  of  the  year,  it  would 
not  only  fuit  the  globe  better,  but 
would  alfo  make  the  problems  thereon 
much  ealier. 

In  order  to  form  a true  idea  of  the 
earth’s  motion  round  its  axis  every  24^ 
hours,  which  is  the  caufe  of  day  and 
night;  and  of  its  motion  in  the  ecliptic 
round  the  fun  every  year,  which  is  ih.e 
caufe  of  the  diferent  lengths  of  da^  s 
and  nights,  and  of  the  vicilTitude  of 
feafons;  take  the  following  method, 
which  will  be  both  eafy  and  pleafant. 

An  idea  of  Let  3 fmali  terreftrial  globe,  of  about 
three  inches  diameter,  be  fufpended  by 
a long  thread  of  twilled  lilk,  fixt  to  its 
north  pole : then,  having  placed  a 

lighted  candle  on  a table,  to  reprefent 
the  fun,  in  the  center  of  a hoop  of  a 
large  cafk,  which  may  reprefent  the 
ecliptic,  the  hoop  making  an  angle  of 
23  4 degrees  with  the  plane  of  the  table ; 
hang  the  globe  within  the  hoop  near  to 
it;  and,  if  the  table  be  level,  the  equa- 
tor of  that  globe  will  be  parallel  to  the 
table,  and  the  plane  of  the  hoop  will 
cut  the  equator  at  an  angle  of  23^  de- 
grees ; fo  that  one  half  of  the  equator 
will  be  above  the  Imop,  and  the  other 

' half 
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half  below  it:  and  the  candle  will  en- 
lighten one  half  of  the  globe,  as  the 
fun  enlightens  one  half  of  the  earth, 
vvhilft  the  other  half  is  in  the  dark. 

Things  being  thus  prepared,  twill 
the  thread  towards  the  left  hand,  that 
it  may  turn  the  globe  the  fame  way  by 
untwiiling;  that  is,  from  weft,  by 
fouth,  to  call.  As  the  globe  turns 
round  its  axis  or  thread,  the  different 
places  of  its  fur  face  will  go  regularly 
through  the  light  and  dark;  and  have, 
as  it  were,  an -alternate  return  of  day 
and  night  in  each  rotation.  As  the  globe 
continues  to  turn  round,  and  to  fhew 
itself  all  around  to  the  candle,  carry 
it  flowly  round  the  hoop  by  the  thread, 
from  weft,  by  Ibuth,  to  ea ft;' which  is 
the  way  that  the  earth  moves  round 
the  fun,  once  a year,  in  the  ecliptic,  and 
you  will  fee  that,  wlnlft  the  globe 
continues  in  the  lower  part  of  the  lioop, 
the  candle  ,(being  then  north  of  the 
equator)  will  conftantly  Ihine  round 
the  north  pole;  and  all  the  northern 
places  which  go  t!i rough  any  part  of 
the  dark  will  go  through  a lefs  portion  , 
of  it  than  they,  do  of  the  light;  and 
the  more  fo,  the  farther  they  are  fi*om 
the  equator;  confequcntly,  their  days 
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arc  then  hmger  than  their  nights. 
When  the  globe  conies  to  a point  in 
the  hoop,  mid -way  between  the  higheft 
and  lowed  points,  the  candle  will  be 
dire^'ly  over  ihe  equator,  and  will  en- 
lighten the  globe  jiift  from  pole  to 
pole;  and  then,  every  place  on  the  globe 
will  go  through  equal  portions  of  light 

and  darknefs,  as  it  turns  round  its 

. ^ 

axis ; and,  confequentiy,  the  day  and 
night  will  be  of  equal  length  at  all 
places  upon  it.  As  the  globe  advances 
thenceforward,  towards  the  higheft  part 
of  the  hoop,  the  candle  will  be  on  the 
fouth  fide  of  the  equator,  fhining  far- 
ther and  farther  round  the  fouth  pole, 
as  the  globe  rifes  higher  and  higher  in 
the  hoop;  leaving  the  north  pole  as 
much  in.  darknefs  as  the  fouth  pple  is 
then  in  the  light,  and  making  long 
days  and  fl:ort  nights  on  the  fouth  fide 
of  the  i qaator,  and  the  contrary  on  the 
north  hue,  whilfl  the  globe  continues  in 
the  northern  or  higher  fide  of  the  hoop: 
and  v\  hen  it  comes  to  the  higheft  point, 
the  days  will  be  at  the  longeft,  and 
the  nights  at  the  fhorteft,  in  the 
foudiern  hemdphere;  and  the  reverfe 
in  the  nerhern.  As  the  globe  ad-‘ 
vances  and  descends  in  the  hoop,  the 

light 
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Tight  will  gradually  recede  from  the 
fouth  pole,  an.d  approach  towards  the 
north  pole,  wliich  will  caufe  the  north- 
ern days  to  lengthen,  and  the  fouthern 
days  to  fliorten  in  the  fame  proportion. 
Wlien  the  globe  comes  to  the  middle 
point,  between  the  higheft  and  lowed: 
points  of  the  hoop,  the  candle  will  be 
over  the  equator,  enlightening  the 
globe  jufl  Irorn  pole  to  pole;  when 
every  place  of  the  earth  (except  the 
poles)  will  go  through  equal  portions 
oflightanddarknefs.;  and,  confrquent.ly, 
the  day  and  niglit  will  be  then  equal 
all  over  the  globe. 

And  thus,  at  a very  fmall  expense, 
one  may  have  a deiightlul  and  demon- 
ftrative  view  of  the  caufe  of  days  and 
nights,  with  their  gradual  increafe  and 
decreafe  in  length,  through  the  whole 
year  together,  with  the  viciflitudes  of 
fpring,  fummer,  autumn,  and  winter, 
in  each  annual  courfe  of  the  earth  round 
the  fun. 

If  the  hoop  be  divided  into  12  equal 
parts,  and  the  figns  be  marked  in  order 
upon  it,  beginning  wdth  Cancer  at  the 
higheft  point  of  the  hoop,  and  reckon- 
ing eaftward  {ov  contrary  to  the  appa- 
rent  motion  of  the  fun)  you  will  fee  how 

the 
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the  fun  appears  to  change  his  place 

every  day  in  the  ecliptic,  as  the  globe 

advances  eaft  ward  along  the  hoop,  and 

turns  round  its  own  axis:  and  that 
* 

when  the  earth  is  in  a low  ngn,  as  at 
Capricorn^  the  fun  muft  appear  in  a 
■ high  figii,  as  at  Ca?teer,  oppolite  to  the 
'^earth's  real  place:  and  that  whilfl  the 
earth  is  in  the  louthern  half  of  the 
ecliptic,  the  fun  appears  in  the  norihern 
half^  and  vice  versa:  that  the  farther 
any  place  is  from  the  equator,  between 
it  and  the  polar  circle,  the  greater  is  the 
difference  between  the  longell;  and 
fhorteft  day  at  that  place;  and  that  the 
poles  have  but  one  day  and  one  night 
in  the  whole  year. 

Thefe  things  premifed,  we  fliall  pro- 
ceed to  the  defeription  and  ufe  of  the 
The  ter-  tcrredrial  globe,  and  explain  the  geo- 
gfobe''^de-gt*aphical  terms  as  they  occur  in  the 

feribed.  problcmS.  ' ' 

I’his  orlobe  has  the  boundaries  of 
land  and  water  laid  down  upon  it,  the 
countries  and  kingdoms  divided  by 
dots,  and  coloured  to  dift'inguifh  them, 
theiflands  properly  fituated,  the  rivers 
and  principal  towns  inferted,  as  they 
have  been  afeertained  upon  the  earth 
bv  meafurement  and  obfervation. 

The 
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The  equator,  ecliptic,  tropics,  polar 
circles,  and  meridians,  are  laid  down  , 
upon  the  globe  in  the  manner  already 
delcribed.  I'he  ecliptic  is  divided  into 
\^1  ligns,  and  each  lign  into  30  degrees, 
wliich  are  generally  lubdivided  into 
halves,  and  into  quarters,  if  the  globe 
is  large.  Each  tropic  is  23?  degrees 
from  the  equator ; and  each  polar 
circle  23 i degrees  from  its  refpectivc 
pole.  Circles  are  drawn  parallel  to 
the  equator,  at  every  ten  degrees  dif- 
tance  from  it,  on  each  iide  to  the  poles : 
thefe. circles  are  called of  lati^ 
tvdc.  On  large  globes  there  are  cir- 
cles drawn  perpendicularly  through 
every  tenth  degree  of  the  equator,  in- 
terfe61ing  each  other  at  the  poles : but 
on  globes  of  or  under  a foot  diameter, 
they  are  only  drawn  through  every  fif- 
teenth degree  of  the  equator;  thefe 
circles  are  generally  called  meridians^ 
fometimes  'circles  or  lorigitude,  and  at 
o thertimes  hour-circles. 

The  globe  is  hung  in  a brafs  ring, 
called  the  bruscn  meridian\  and  turns 
upon  a wire  in  each  pole  funk  half  its 
thicknels  into  one  fide  of  the  meridian 
ring;  by  which  means,  that  fide  of  the 
ring  divides  the  globe  into  two  equal 

parts,. 
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parts,  called  the  caste?  ?i  and  ivester?i  he^ 
inisphcres',  as  the  equator  divides  it  into 
two  equal  parts,  called  the  tiortherii  and 
southeni  hemisphe? cs,  'I’liis  ring  is  divi- 

ded into  360  equal  parts  or  degrees, 
on  the  tide  wherein  the  axis  of  the 
globe  turns.  One  lialf  ofthefe  degrees 
• are  numbered,  and  reckoned,  from  the 
equator  to  the  poles,  where  they  end 
at  90 : their  ufe  is  to  fhew  the  latitudes 
of  places.  The  degrees  on  the  other 
half  of  the  meridian  ring  are  num- 
bered from  the  poles  to  the  equator, 
where  they  end  at  90 : their  ufe  is  to 
Ihew  how  to  elevate  either  the  north 
or  fouth  pole  above  the  liorizon,  accord- 
ing to  the  latitude  of  any  given  place, 
as  it  is  north  or  fouth  of  the  equator. 

The  brafen  meridian  is  let  into  two 
notches  made  in  a broad  fiat  ring,  call- 
ed the  ivoodm  ho?  the  upper  Ibrface 
of  which  divides  the  globe  into  equal 
parts,  called  the  upper  and  lower  hemis^ 
phci'cs.  One  notch  is  in  the  north  point 
of  the  horizon,  and  the  other  in  the 
fouth.  On  this  horizon  are  feveral 
concentric  circles,  which  contain  the 
months  and  days  of  the  year,  the 
iigns  and  degrees  anfwering  to  the 

fun’s 


I 


The  Terrestrial  Globe  described. 


fun*s  place  for  each  month  and  day, 

and  the  32  points  of  the  compafs. 

. The  graduated  tide  of  the  brafs  me- 
ridian lies  towards  the  eaft  iide  of  the 
horizon,  and  fhould  be  generally  kept 
toward  the  per&n  who  works  problems 
by  the  globes.' 

There  is  a fmall  horary  circle^  fb  fixled 
to  the  north  part  of  the  brafen  meri- 
dian, that  the  wire  in  the  north  pole 
of  the  globe  is  in  the  center  of  that 
circle ; and  on  the  wire  is  an  indc.t^ 
which  goes  over  all  the  24^  hours  of 
the  circle,  as  the  globe  is  turned  round 
its  axis.  Sometimes  there  are  two  ho- 
rary circles,  one  between  each  pole  of 
the  globe  and  the  brazen  meridian  ; 
which  is  the  contrivance  of  the  in- 
genious Mr.  Joseph  Harris^  mafter  of 
the  affay-office  in  the  Tower  of  Lon- 
don; and  makes  it  very  convenient 
for  putting  the  poles  of  the  globe 
through  the  horizon,  and  for  elevating 
the  pole  to  fmall  latitudes  ai>d  decli- 
nations of  the  fun  : which  cannot  be 

done  where  there  is  only  one  horary 
circle  fixed  to  the  outer  edge  of  the 
brafen  meridian. 

There  is  a thin  flip  of  brafs,  called 
the  quadrant  of  altitude^  which  is  divid- 
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ed  into  90  equal  parts  or  degrees,  an- 
fwering  exa6tly  to  fo  many  degrees  of 
the  equator.  It  is  occalionally  fixed  to 
the  uppermoft  point  of  the  brafen  me- 
ridian by  a nut  and  ferew.  d'he  divifi- 
ons  end  at  the  nut,  and  the  quadrant  is 
turned  round  upon  it. 

As  the  globe  has  been  feen  by  mod 
' people,  and  upon  the  figure  of  which, 
in  a plate^  neither  the  circles  nor  coun* 
tries  can  be  properly  expreffed,  we 
judge  it  would  fignify  very  little  to  re- 
fer to  a figure  of  it;  and  fhall  therefore 
only  give  fbme  dire6Uons  how  to 
choofe  a globe,  and  then  deferibe  its 
life. 

1*  See  that  the  papers  be  well  and 
ons  for  neatly  pafled  on  the  globes,  which  you 
jiobe"^  may  know,  if  the  lines  and  circles 
thereon  meet  exadfly,  and  continue  all 
the  way  even  and  whole ; tjie  circles 
not  breaking  into  feveral  arches,  nor 
the  papers  either  coming  fhort,  or  lap- 
ping over  one  another. 

2.  See  that  the  colours  be  transpa* 
rent,  and  not  laid  too  thick  upon  the 
globe  to  hide  the  names  of  places. 

3 See  that  the  globe  hang  evenly 
between  the  brafen  meridian  and  the 

wooden 
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wooden  horizon ; not  inclining  either 
to  one  iide  or  to  the  other. 

4.  See  that  the  globe  be  as  clofe  to 
the  horizon  and  meridian  as  it  conveni- 
ently may ; otherwife,  you  will  be  too 
much  puzzled  to  find  againft  what  part 
of  the  globe  any  degree  of  the  meridian 
or  horizon  is. 

5.  See  that  the  equino6lial  line  be 
even  with  the  horizon  all  around,  when 
the  north  or  fouth  pole  is  elevated  90 
degrees  above  the  horizon. 

6.  See  that  the  equino6liai  line  cuts 
the  horizon  in  the  eaft  and  v/ett  points 
in  all'  elevations  of  .the  poles  from  0 to 
90  degrees. 

7.  See  that  the  degree  of  the  brafen 
meridian  marked  with  0 be  exa6tly 
over  the  equino6Ual  line  of  tlie  globe. 

8.  See  that  there  be  exadly  half  of 
the  brafen  nieridian  above  the  horizon ; 
which  you  may  know,  if  you  bring  any 
of  the  decimal  divilions  on  the  meridian 
to  the  north  point  of  the  horizon,  and 
find  their  complement  to  90  in  the  Ibuth 
point. 

9.  See  that  when  the  quadrant  of 
altitude  is  placed  as  far  from  the  equa- 
tor, on  the  brafen  meridian,  as  the  pole 
is  elevated  above  the  horizon,  the  be- 
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ginning  of  the  degrees  of  the  quadrant 
reaches  juft  to  the  plane  furface  of  the 
horizon. 

10.  See  that  whilft  the  index  of  the 
hour-circle  (by  the  motion  of  the  globe) 
paftes  from  one  hour  to  another,  15  de- 
grees of  the  equator  pafs  under  the  gra- 
duated  edge  of  the  bralen  meridian. 

1 1.  See  that  the  wooden  horizon  be 
made  fubftantial  and  ftrong ; it  being 
generally  obferved,  that,  inmoft  globes, 
the  horizon  is  the  firft  part  that  fails,  on 
account  of  its  having  been  made  too 
flight. 

In  ufing  the  globes,  keep  the  eaft  fide 
of  the  horizon  towards  you  (unlefs  your 
problem  requires  the  turning  of  it,) 
which  fide  you  may  know  by  the  word 
Eaft  upon  the  horizon;  for  then  you 
have  the  graduated  fide  of  the  meridian 
towards  you,  the  quadrant  of  altitude 
before  you,  and  the  globe  divided  ex*^ 
a611y  into  two  equal  parts,  by  the  gra*» 
duated  fide  of  the  meridian. 

In  v/orking  fome  problems,  it  will 
be  neceffary  to  turn  the  whole  globe 
and  horizon  about,  that  you  may  look 
on- the  weft  fide  thereof;  which  turning 
will  be  apt  to  jog  the  ball  fb  as  to  Ihift 
away  that  degree  of  the  globe  which 

was 
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was  before  fet  to  the  horizon  or  meri- 
dian • to  avoid  which  inconvenienccj  you 
may  thriift  in  the  feather-end  of  a quill 
between  the  ball  of  the  globe  and  the 
bralen  meridian ; which,  without  hurt- 
ing the  ball,  will  keep  it  from  turning 
in  the  meridian,  whilll  you  turn  the 
weft  lide  of  the  horizon  towardsyou,  , 

* • t 

t 

/ PROBLEM  L ' 

To  find  the  ^ latitude  and longitude  ' of 
any  giyen  plaee  upon  the  globe. 

Turn  the  globe  on  its  axis,  until 
the  given  'place'  comes  exa6lly  under 
that  graduated  fide  of  the  brafen 
' ''  ' ■ meridian. 


* The  latitude  of  a place  is  its  diftance  from  the  equator* 
and  is  north  or  s®u^h,  as  the  place  is  north  or  fouth  of  the 
equator.  Those  who  live  at  the  eqtiator  have  no  latitude, 
hccaufe  it  is  there  that  the  latitude  begins.  f 

t The  longitude  of  a place  is  tlte  number  of  degrees 
(reckoned  upon  the  equator)  that  the  meridian  of  the  iaiii 
place  is  diftant  from  the  meridian  «f  any  other  place  from 
Wiiich  we  reckon,  either  eaftward  or  weitward,  for  180 
degrees,  or  half  round  the  globe,  Tlie  Englifli  reckon  the 
longitude  from  the  meridian  of  London,  and  the  French  now 
reckon  it  from  the  meridian  of  Paris.  Tlie  meridian  of  that 
place,  Irom  wlWch  the  longitude  is  reckoned,  is  called  tlie 
JirJ}  meridian.  The  places  upon  this  meridian  have  u# 
longitude,  becaufe  it  is  tjicie  that  tJie  longitude  begins. 
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meridian,  on  which  the  degrees  arc 
' numbered  from  the  equator;  and  ob- 
lerve  what  degree  of  the  meridian  the 
place  then  lies  under ; which  is  its  lati- 
tude, north  or  fouth,  as  the  place  is 
north  or  ^fouth  of  the  equator.  ’ 

The  globe  remaining  in  this  polition, 
the  degree  of  the  equator,  which  is  un- 
der the  brafen  meridian,  is  the  longi- 
tude of  the  place  (from  the  meridian  of 
London  on  the  English  globes)  which  is 
eaft  or  weft,  as  the  place  lies  on  the  eaft 
or  weft  ftde  of  the  firft  meridian  of  the 
globe. — All  the  Atlantic  Occan^  and 
America^  is  on  the  weft  fide  of  the  me- 
ridian of  London ; and  the  greateft  part 
of  Europe^  and  of  AJrica^  together  with 
all  Asia^  is  on  the  eaft  ftde  of  the  me- 
ridian of  London.,  which  is  reckoned  the 
first  meridian  of  the  globe  by*  the  Eng^ 
lish  geographers  and  aftronomers. 

PROBLEM  II. 

The  longitude  and  latitude  of  a place  being 
giveji,  to  find  that  place  on  the  globe. 

Look  for  the  given  longitude  in  the 
equator,  counting  it  eaftward  or  weft- 
ward  from  the  &'ft  meridian,  as  it  is 

mentioned 
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mentioned  to  be  eaft  or  weft ; and  bring 
the  point  oflongitude  in  the  equator  to 
the  brafen  meridian,  on  that  tide  which 
is  above  the  fouth  point  of  the  horizon : 
then  count  from  the  equator  on  the  bra- 
fen meridian  to  the  degree  of  the  given 
latitude,  towards  the  north  or  feutli 
pole,  according  as  the  latitude  is  north 
or  fouth  i and  under  that  degree  of  lati- 
tude on  the  meridian  you  will  have 
the  place  required. 

PROBLEM  III. 

. ♦ rKi  i»  f'- 

To  find  the  difference  of  longiiudei  or  dif- 
j • ference  of  latitude^  between  any  tzvo 
. given  places. 

Bring  each  of  thefc  places  to  the  bra- 
fen meridian,  and  fee  what  its  latitude 
is:  the  leifer  latitude  fubtraded  from 
the  greater,  if  both  places  are  on  the 
fame  fide  of  the  equator,  or  both  lati-, 
tudes  added  together,  if  they  are  on 
different  fides  of  it,  will  give  the  diffe. 
rcnce  of  latitude  required.  And  the 
number  of  degrees  contained  between 
thele  places,  reckoned  on  the  equator,'- 

when 
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when  they  are  brouglit  feparately  under 
the  brafen  meridian,  is  their  difference 
of  longitude;  if  it  be  lefs  than  180:  but 
if  more,  let  it  be  fubtra6ied  from  360, 
and  the  remainder  is  the  difference  of 
longitude  required.  Or, 

Having  brought  one  of  the  places  to 
the  brafen  meridian,  and  fet  the  hour- 
index  to  XII,  turn  the  globe  until  the 
other  place  comes  to  the  brafen  meri- 
dian, and  the  number  of  hours  and  parts 
of  an  hour  paff  over  by  the  index,  will 
give  the  longitude  in  time;  which  may 
be  ealily  reduced  to  degrees,  by  allow*. 

‘ ' ing  15  degrees  for  every  hour,  and  one 

degree  for  every  four  minutes.  • 

N.  B.  When  we  fpeak  of  bringing 
any  place  to  the  brafen  meridian,  it  is 
the  graduated  fide  of  the  meridian 
that  is  meant. 

PROBLEM.  IV. 

A?i?/  place  bein^  given-i  those 

places  that  have  the  same  longitude  or 
latitude  with  it, 

! 

Bring  the  given  place  to  the  brafen 
meridian,  then  all  thofe  places  which 

lie 
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lie  under  that  lide  of  the  meridian, 
from  pole  to  pole,  have  the  fame  lon- 
gitude with  the  given  place.  Turn 
the  globe  round  its  axis,  and  all  thofe 
places  which  pafs  under  the  lame  de- 
gree of  the  meridian  that  the  given 
place  does,  have  the  fame  latitude 
with  that  place. 

Since  all  latitudes  are  reckoned  from 
the  equator,  and  all  longitudes  are 
reckoned  from  the  fird:  meridian,  it  is 
evident,  that  the  point  of  the  equator 
which  is  cut  by  the  lirft  meridian 
has,  neither'  latitude  nor  longitude. — 
The  greatell  latitude  is  90  degrees,  be- 
caufe  no  place  is  more  than  90  degrees 
from  the  equator : and  the  greatett 

longitude  is  180  degrees,  becaule  no, 
place  is  more  than  180  degrees  from 
the  firfl;  meridian. 


e 


PROBLEM 
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PROBLEM  V. 

To  find  the  antoeci,  f perioeci,  and 
antipodes,  of  any  given  place. 

Bring  the  given  place  to  the  brafen 
meridian,  and, having  found  its  latitude, 
keep  the  globe  in  that  Btuation,  and 

count 

• The  antaeci  are  thofe  people  who  live  on  the  fame 
meridian,  and  in  equal  latitudes,  on  different  fides  of  the 
equator.  Being  on  the  fame  meridian,  they  have  the  fame 
hours;  that  is,  when  it  is  noon  to  the  one  it  is  alfo  noon  to 
the  other;  and  when  it  is  mid-night  to  the  one,  it  is  alfo 
mid-night  to  the  other,  &c.  Being  on  different  fides  of  the 
equator,  they  have  different  or  oppofite  leafons  at  the  fame 
time  ; the  length  of  any  day  to  the  one  is  equal  to  the  length 
of  the  night  of  that  day  to  the  other;  and  they  have  equal 
elevations  of  the  different  poles. 

f The  per'uxci  are  thofe  people  who  live  on  the  fame 
parallel  of  latitude,  but  on  oppofite  meridians:  lb  that 

though  their  latitude  be  the  fame,  their  longitude  differs  180 
degrees.  By  being  in  the  fame  latitude,  they  have  equal 
elevations  of  the  fame  pole  (for  the  elevation  of  the  pole 
is  always  equal  to  the  latitude  of  the  place),  the  fame  length 
of  days  or  nights,  and  the  fame  leafons.  But  being  on 
oppofite  meridians,  when  it  is  noon  to  the  one,  it  is  mid-night 
to  the  other.  , 

I The  antipodes  are  thofe  who  live  diametrically  oppofite  to 
one  another  upon  the  globe,  (landing  with  feet  towards  feet, 
cm  oppofite  meridians  and  parallels.^  Being  on  oppofite 
fides  of  the  equator  they  have  oppofite  feafons,  winter  to 
one  when  it  is  lummer  to  the  other ; being  equally  diftant 
horn  the  equator,  they  have  the  contrary  poles  equally  eleva- 
ted above  the  horizon  ; being  on  oppofite  meridians,  when 
it  is  noon  to  the  one,  it  muft  be  midnight  (o  the  other ; and 
as  the  fun  recedes  from  the  one  when  he  approaches  to 
the  other,  the  length  of  the  day  to  one  muft  be  equal  to  the 
Ungth  of  the  night  at  the  fame  tim*  to  the  other. 
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count  the  fame  number  of  degrees  of 
latitude  from  the  equator  towards  the 
contrary  pole,  and  where  the  reckoning 
ends,  you  have  the  antceci  of  the  given 
place  upon  the  globe.  Thofe  who  live 
at  the  equator  have  no  antcecL 

The  globe  remaining  in  the  fame 
portion,  fet  the,  hour-index  to  the 
upper  XII  on  the  horary  circle,  and 
turn  the  globe  until  the  index  comes  to 
the  lower  XII;  then,  the  place  which 
lies  under  the  meridian,  in  the  fame 
latitude  with  the  given  place,  is  the 
pcriceci  required.  Thofe  who  live  at 
the  poles  have  no  periieci. 

As  the  globe  now  ftands  (with  the 
index  at  the  lower  XII)  the  antipodes 
of  the  given  place  will  be  under  the 
fame  point  of thebrafen  meridian  where 
its  antceci  flood  before.  Every  place 
upon  the  globe  has  its  antipodes, 

PROBLEM.  VI. 

/ 

To  find  the  distance  between  any  two 
places  on  the  globe, 

t 

Lay  the  graduated  edge  of  the  qua- 
drant of  altitude  over  both  the  places, 
and  count  the  number  of  degrees  inter- 
cepted between  them  on  the  quadrant ; 

e 2 then 
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then  multiply  thefe  degrees  by  bO,  and 
the  produ61:  will  give  the  diflance  in 
geographical  miles:  but  to  find  the  dif^ 
tance  in  Englifh  miles,  multiply  the 
degrees  by  69  and  the  produ61i  will 
be  the  number  of  miles  required.  Or 
take  the  diflance  betwixt  any  two  places 
with  a pair  of  compalfes,  and  apply 
that  extent  to  the  equator;  the  number 
of  degrees  intercepted  between  the 
jDoiiits  of  the  compalfes  is  the  diflance 
in  degrees  of  a great  circle"^;  which 
may  be  reduced  either  to  geographical 
miles,  or  to  Englifh  miles,  as  above. 

* Any  circle  that  divides  the  globe  into  tw'o  equal  parts  is 
called  a great  circle^  as  the  equator  or  meridian.  Any  circle 
that  divides  the  globe  into  two  unequal  parts  (which  every 
parallel  of  latitude  does)  is  called  a lejfer  circle.  Now  as 
every  circle,  whether  great  or  I'mall  contains  360  degrees,  and 
adegreeupon  theequator  ormeridian contains 60 geographical 
miles,  it  is  evident,  that  a degree  of  longitude  upon  the 
equator  is  longer  than  a degree  of  longitude  upon  any 
parallel  of  latitude,  and  mull  therefore  contain  a greater 
number  of  miles.  So  that  although  all  the  degrees  of  latitude 
are  equally  long  upon  an  artificial  globe  (though  not  precifely 
fo  upon  the  earth  itlelf),  yet  the  degrees  of  longitude  decreale 
in  length  as  the  latitude  increafes,  but  not  in  the  lame 
proportion.  The  following  table  Ihews  the  length  of  a degree 
oflongitude,  in  geographical  miles,  and  hundredth  parts  of  a 
mile,  for  every  degree  of  latitude,  from  the  equator  to  the 
poles  ; a degree  on  the  equator  being  60  geographical  miles. 


A Table 
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A Table  shewing  the  number  of  miles  in  a 
degree  of  longitude^  and  in  amj  given 
degree  of  latitude. 
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PROBLEM  Vn. 

A place  on  the  gl<)be  l/cnig  given.^  and  i:s 
distance  fioni  any  other  place,  to  find 
^ . all  the  other  places  upon  the  globe  xebirh 
are  at  the  same  distmicc  Jroin  the  oiren 
place.  ^ 


Bring  the  given  place  to  the  hroflni 
meridian^  and  icrew  the  quadrant  to 
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the  merid  ian  dire6Hy  over  that  place ; 
then  keeping  the  globe  in  that  poiition, 
turn  the  quadrant  quite  round  upon 
it,  and  the  degree  of  the  quadrant 
that  touches  the  iecond  place,  will  pafs 
over  all  the  other  places  which  are 
equally  diftant  with  it  from  the  given 
place. 

This  is  the  fame  as  if  one  foot  of  a 
pair  of  compalfes  was  fet  in  the  given 
place,  and  the  other  foot  extended  to 
the  fecond  place,  whofe  diftance  is 
known;  for  if  the  compaifes  be  then 
turned  round  the  firft  place  as  a center, 
the  moving  foot  will  go  over  all  thole 
places  which  are  at  the  fame  diftance 
with  the  Iecond  from  it. 

PROBLE  M VIII. 

The  hour  of  the  day  at  amj  place  being 
givcn^  to  find  all  those  places  xvhere  it  is 
noon  at  that  time. 

Bring  the  given  place  to  the  bra- 
len  meridian,  and  let  the  index  to  the 
given  hour;  this  done,  turn  the  globe 
until  the  index  points  to  the  upper 
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XII,  and  then,  al}  the  places  that 
lie  under  the  brafen  meridian  have 
noon  at  that  time. 

N.  B.  The  upper  XII  always  Bands 
for  noon;  and  when  the  bringing  of 
any  place  to  the  brafen  meridian  is 
mentioned,  the  fide  of  that  meridian 
on  wliich  the  degrees  are  reckoned 
from  the  equator  is  meant,  unlefs  tlic 
contrary  fide  be  mentioned,  ' 

PROBLEM  IX.  ; . 

The  hour  of  the  day  at  auy  place  being 
ghcn^  to  find  xvhal  o'clock  it  then  is  at 
any  other  place. 

Bring  the  given  place  to  tlie  brafen 
meridian,  and  fet  the  index  to  the  given 
hour;  then  turn  tlie  globe,  until  the 
place  where  the  hour  is  required  comes 
to  the  meridian,  and  the  index  will 
point  out  the  hour  at  that  place. 


f 
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PROBLEM  X. 

To  find  the  sun's  place  in  the  ecliptic^  and 
his  declination  for  any  given  day  of 
the  year. 

Look  on  the  horizon  for  the  given 
clay,  and  right  againfl  it  you  have  the 
degree  of  the  iign  in  which  the  fun  is 
(or  his  place)  on  that  day  at  noon.  Find 
the  fan)e  degree  of  that  fign  in  the 
ecliptic  line  upon  the  globe,  and,  having 
brought  it  to  the  bralen  meridian,  ob, 
ferve  what  degree  of  the  meridian 
Bands  over  it;  for  that  is  the  fun’s 
declination,  reckoned  from  the  equator. 

^ PROBLEM  XL 

The  day  of  the  month  being  givciu  to  find 
all  those  places  of  the  earth  over  ithich 
the  sun  will  pass  vertically  on  that  day. 

Find  the  fun’s  place  in  the  ecliptic 
for  the  given  day,  and,  having  brought 

it 


* The  fun’s  declination  is  his  diftance  from  the  equlno£lial 
in  degrees,  and  is  north  or  ibiith,  as  the  fun  is  between  the 
eqmnoaial  and  the  north  or  fouth  pole, 

X I 
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it  to  the  brafen  meridian,  obferve  what 
point  of  the  meridian  is  over  it;  then, 
turning  the  globe  round  its  axis,  all 
thofe  places  which  pafs  under  that  point 
of  the  meridian,  are  the  places  required  : 
for,  as  their  latitude  is  equal,  in  degrees 
and  parts  of  a degree,  to  the  fun's 
declination,  the  fun  muft  be  direftly 
over  head  to  each  of  them  at  its  refpec- 
tive  noon. 

PROBLEM  XII. 

A place  being  given  injhe  * torrid  zone,  to 
find  those  two  daps  of  the  year,  on  which 
the  Sun  shall  be' vertical  to  that  place,  ' 

Bring  the  given  place  to  the  brafen 
meridian,  and  mark  the  degree  of  lati- 
tude that  is  exa6lly  over  it  on  the  me* 

f'  ridian ; 

* The  globe  is  divided  into  five  Zones;  one  torrid,  two 
temperate,  and  two  frigid.  The  torrid  %one  lies  between  the 
t\vo  tropics,  and  is  47  degrees  in  breadth,  or  23h  on  each  fide 
ol  the  equator:  the  teinperate  %ones  lie  between  the  tropics 
and  polar -circles,  or  from  23h  degrees  of  latitude  to  b6h, 
on  each  fide  9!  the  equator ; and  are  each  43  degrees  in 
breadth  I the  are  the  fpaces  included  within  the 

polar  circles,  which  being  each  23h  degrees  from  their  iiH. 
peiSljve  poles,  the  breadth  of  each  of  thefc  zones  is  ^7 
degrees.  As  the  lun  never  goes  without  the  tropics,  he 
mull  every  moment  be  vertical  to  fomc  place  or  other  in  the 
errid  zone. 
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ridian ; then  turn  tlie  globe  round  its 
axis,  and  obferve  the  two  degrees  of  the 
ecliptic  which  pafs  exadly  under  that 
degree  of  latitude : laftly,  find  on  the 
wooden  horizon  the  two  days  of  the 
year  in  which  the  fun  is  in  thofe  degrees 
of  the  ecliptic,  and  they  are  the  days 
required ; for  on  them,  and  none  elfe, 
the  fun’s  declination  is  equal  to  the  la- 
titude of  the  given  place,  and  confe- 
quently,  he  will  then  be  vertical  to  it 
at  noon. 

PROBLEM  XIIL 

To  find  all  those  places  of  the  north  frigid- 
xoncy  where  the  sun  begins  to  shine  coii’^ 
stantly  without  setting,  on  any  given 
day,  from  the  2\sl  of  March  to  the 
^2Sd  of'  September. 

On  thefe  two  days,  the  fun  is  in  the 
equino6lial,  and  enlightens  the  globe 
exaftly  from  pole  to  pole:  therefore, 
as  the  earth  turns  round  its  axis,  which 
terminates  in  the  poles,  every  place  ' 
upon  it  will  go  equally  through  the 
light  and  the  darl^^^and  fb  make  equal 
day  and  night  to  all  places  of  the  earht. 
But  as  the  fiin  declines  fi'om  the 
equator  towards  either  pole,  he  will 

fhine 
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fhine  juft  as  many  degrees  round  that 
pole,  as  are  equal  to  his  declination 
from  the  equator;  lb  that  no  place 
within  that  diftance  of  the  pole  will 
then  go  through  any  part  of  the  dark, 
and  confequently  the  fun  will  not  fet 
to  it.  Now,  as  the  fun’s  declination 
is  northward  from  the  21ft  of  March 
to  the  23d  of  September,  he  muft  con- 
ttantly  ftiine  round  the  north  pole  all 
that  time;  and  on  the  day  that  he  is 
in  the  northern  tropic,  he  ftiines  upon 
the  whole  north  frigid  zone  j fo  that 
no  place  within  the  north  polar  circle 
goes  through  any  part  of  the  dark  on 
that  day.  Therefore, 

Having  brought  the  fun’s  place  for 
the  given  day  to  the  brafen  meridian, 
and  found  his  declination  (by  Prob. 
IX.),.  count  as  many  degrees  on  the 
meridian,  from  the  north  pole,  as  are 
equal  to  the  fun’s  declination  from  the 
equator,  and  mark  that  degree  from  the 
pole  where  the  reckoning  ends:  then, 
turning  the  globe  round  its  axis,  obferve 
what  places  in  the  north  frigid  zone  pafs 
direbtly  under  that  mark;  for  they  are 
the  places  required. 

The  like  may  be  done  for  the  fouth 
frigid  zone,  from  the  23d  of  September 

f 2 to 
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to  the  2lfl  of  March,  during  which 
time  the  fun  ihines  conftantly  on  the 
fouth'  pole. 

, / 

PROBLEM  XIV. 

To  find  the  place  over  xvhich  the  sun  is 
vertical,  at  any  hour  of  a given  day. 

Having  found  the  fun*s  declination 
for  the  given  day  (by  Prob.  IX.),  mark 
it  with  chalk  on  the  brafen  meridian  : 
then  bring  the  place  where  you  are 
(fuppofe  London)  to  the  brafen  meri- 
dian, and  fet  the  index  to  the  given 
hour ; which  done,  turn  the  globe  on 
its  axis,  until  the  index  points  to  XII 
at  noon,  and  the  place  on  the  globe, 
which  is  then  dire61]y  under  the  point 
of  the  fun’s  declination  marked  upon 
the  meridian,  has  the  fun  that  mo* 
ment  in  the  zenith,  or  direftly  over 
hc3d. 


PROBLEM 
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PROBLEM  XV.  . 


The  day  and  hour  at  any  place  being  giveiu 
to  find  all  those  places  where  the  sun  is 
then  rising-,  or  settings  or  on  the  me- 
ridian; consequently.,  all  those  places 
which  are  enlightened  at  that  time., 
and  those  which  arc  in  the  dark  : 

This  problem  cannot  be  fblved  by 
any  globe  fitted  up  in  the  common 
way,  with  the  hour-circle  fixed  upon 
the  brafs  meridian;  unlefs  the  fun  be 
on  or  near  fome  of  the  tropics  on  the 
given  day.  But  by  a globe  fitted  up 
according  to  Mr,  Joseph  Harris's  in- 
vention (already  mentioned)  where  the 
hour-circle  lies  on  the  furface  of  the 
globe,  below  the  meridian,  it  may  be 
folved  for  any  day  of  the  year,  ac- 
cording to  his  method;  which  is  as 
follows  : 

Having  found  the  place  to  which  the 
fun  is  vertical  at  the  given  hour,  if  the 
place  be  in  the  northern  hemifpbcre, 
elevate  the  north  pole  as  many  degrees 
above  the  horizon,  as  are  equal  to  the 
latitude  of  that  place;  if  the  place 

be 
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be  in  the  fouthern  hemisphere,  elevate 
the  fouth  pole  accordingly,  and  bring 
the  faid  place  to  the  brafen  meridian. 
Then,  all  thofe  places  which  are  in  the 
wefiern  femidrcle  of  the  horizon  have 
the  fun  riling  to  them  at  that  time; 
and  thofe  in  the  eallern  femicircle  have 
it  fetting:  to  thofe  under  the  upper 
femicircle  of  the  brafs  meridian  it  is 
noon ; and  to  thofe  under  the  lower 
femicircle  it  is  mid-night.  All  thofe 
places  which  are  above  the  horizon 
are  enlightened  by  the  fun,  and  have 
the  fiin  jufl  as  many  degrees  above 
tliem,  as  they  thernfelves  are  above 
the  horizon ; and  this  height  may  be 
known,  by  fixing  the  quadrant  of 
altitude  on  the  brazen  meridian  over 
the  place  to  which  the  fun  is  vertical; 
and  then,  laying  it  over  any  other 
place,  obferve  what  number  of  degrees 
on  the  quadrant  are  intercepted  be- 
tween the  faid  place  and  the  horizon. 
In  all  thofe  places  that  are  18  degrees 
below  tlie  weflem  femicircle  of  the 
horizon,  the  morning  twilight  is  juft 
beginning;  in  all  thofe  places  that 
are  18  degrees  below  the  eaftern  fe- 
micircle of  the  horizon,  the  evening 
twilight  is  ending;  and  all  thofe  places 

that 
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that  are  lower  than  18  degrees,  have 
dark  night. 

If  any  place  be  brought  to  the  upper 
feinicircle  of  the  brazen  meridian,  and 
the  hour-index  be  fet  to  the  upper 
XII  or  noon,  and  then  the  globe  be 
turned  round  eaftward  on  its  axis ; v/hen 
the  place  comes  to  the  weftern  femicir- 
cle  of  the  horizon,  the  index  will  fhew 
the  time  of  fun-rifing  at  that  place; 
and  when  the  fame  place  comes  to  the 
eaftern  femicircle  of  the  horizon,  the  ' 
index  will  fhew  the  time  of  fun-fet. 

To  thofe  places  which  do  not  go 
under  the  horizon,  the  fun  fets  not  on 
that  day:  and  to  thofe  which  do  not 
come  above  it,  the  fun  does  not  rife. 

• t 

PROBLEM  XVI. 

The  day  and  hour  of  a lunar  eclipse  being 
given,  to  find  all  those  places  of  the 
earth  to  luhich  it  will  be  visible. 

The  moon  is  never  eclipsed  but  when 
fhe  is  full,  and  fo  dire611y  oopofite  to  - 
the  fun,  that  the  eartlfs  Ihadow  falls 
upon  her.  Therefore,  whatever  place 
of  the  earth  the  fun  is  vertical  to  at 
that  time,  the  moon  mufl  be  vertical 

to 
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to  the  antipodes  of  that  place;  fo  that 
the  fun  will  be  then  vilible  to  one  half 
of  the  earth,  and  the  moon  to  the  other. 

Find  the  place  to  which  the  fun  is 
vertical  at  the  given  hour  (by  Prob. 
XIV.),  'elevate  the  pole  to  the  latitude 
of  that  place,  and  bi;ing  the  place  to 
the  upper  part  of  the  brafen  meridian, 
as  in  the  former  problem:  then,  as  the 
fun  will  be  vifible  to  all  thofe  parts  of 
the  globe  which  are  above  the  hori- 
zon, the  moon  will  be  vilible  to  all 
thofe  parts  of  the  globe  which  are  be- 
low it,  at  the  time  of  her  greatefl  ob- 
feuration. 

But  with  regard  to  an  eclipfe  of  the 
fun,  there  is  no  fuch  thing  as  fhewing 
to  what  places  it  will  be  vifible,  with 
any  degree  of  certainty,  by  a common 
globe;  becaufe  the  moon’s  fhadow  co- 
vers but  a fmall  portion  of  the  earth’s 
fiirface  ; and  her  latitude,  or  declination 
from  the  ecliptic,  throws  her  fliadow  fb 
varioufly  upon  the  earth,  that,  to  deter- 
mine the  places  on  which  it  falls,  re- 
courfe  mufl  be  had  to  long  calculations. 
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To  rectify  the  globe  for  the  latitude^  the 
Zenith’^  and  the  suns  place* 

Find  the  latitude  of  the  place  (by 
Prob.  1.)  and  if  the  place  be  in  the  nor- 
thern hemifjDhere,  raife  the  north  pole 
above  the  north  point  of  the  horizon, 
as  many  degrees  (counted  from  the 
pole  upon  the  brafen  meridian)  as  are 
equal  to  the  latitude  of  the  place.  If 
the  place  be  in  the  fouthern  hemif. 
phere,  raife  the  fouth  pole  above  the 
Ibuth  point  of  the  horizon,  as  many 
degrees  as  are  equal  to  the  latitude. 
Then,  turn  the  globe  till  the  place 
comes  under  its  latitude  on  the  brafen 
meridian,  and  fallen  the  quadrant  of 
altitude  fo,  that  the  chamfered  edge  of 
its  nut' (which  is  even  with  the  gradu- 
ated edge)  may  be  joined  to  the  zenith, 
or  point  of  latitude.  This  done,  bring 
the  fun’s  place  in  the  ecliptic  for  the 
given  day  (found  by  Prob.  X.)  to  the 
graduated  lide  of  the  brafen  meridian, 

g and 

* The  xenith,  in  this  fenfe,  is  the  highest  point  of  the 
brafen  meridian  above  the  horizon  ; but  in  the  proper  fenfe, 
it  is  that  point  of  the  heaven  which  is  dircfUy  vertical  to  ary 
given  place,  at  any  given  instant  of  time. 
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kemark. 


\ 


and  fet  the  hour-index  to  XII  at  noon, 
which  is  the  uppermoll  XII  on  the  hour- 
circle;  and  the  globe  will  be  re6lified. 

The  latitude  of  any  place  is  equal 
to  the  elevation  of  the  neareft  pole  of 
the  heaven  above  the  horizon  of  that 
place;  and  the  poles  of  the  heaven  are 
dire611y  over  the  poles  of  the  earth, 
each  90  degrees  from  the  equino61ial 
line.  Let  us  be  upon  what  place  of  the 
earth  we  will,  if  the  limits  of  our  view 
be  not  intercepted  by  hills,  we  fhall 
fee  one  half  of  the  heaven,  or  90  de- 
grees every  way  round,  from  that 
point  which  is  over  our  heads.  There- 
fore, if  we  were  upon  the  equator, 
the  poles  of  the  heaven  would  lie  in 
our  horizon,  or  limit  of  our  view : if 
we  go  from  the  equator,  towards  either 
pole  of  the  earth,  we  (hall  fee  the  cor. 
refponding  pole  of  the  heaven  riling 
gradually  above  our  horizon,  juft  as 
many  degrees  as  we  have  gone  from 
the  equator : and  if  we  were  at  either 
of  the  earth’s  poles,  the  correfponding 
pole  of  the  heaven  would  be  dire611y 
over  our  head.  Conlequently,  the 
elevation  or  height  of  the  pole  in  de- 
grees above  the  horizon,  is  equal  to  the 
number  of  degrees  that  the  place  is 
from  the  equator. 


PROBLEM 
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PROBLEM  XVII  I. 

The  latitude  of  any  place ^ not  exceeding 

* 66\  degrees^  and  the  day  of  the 

month  being  given  to  find  the  time  of 

sun  rising  and  setting,  and  consequently 

the  length  of  the  day  and  night, 

\ 

* 

Having  reftified  the  globe  for  the 
latitude,  and  for  the  fun’s  place  on  the 
g'iven.day  (as  dire6ted  in  the  preceding 
problern)  bring  the  fun’s  place  in  the 
ecliptic  to  the  eaftern  fide  of  the  hori- 
zon, and  the  hour-inde:^  will  fhew 
the  time  of  fun  fifing ; then  turn  the 
globe  on  its  axis,  ,\iutil  the  fun’s  place 
comes  to  ,the  weflern  fide  of  the  hori- 
zon, and  the  index  will  fhew  the  time 
of  fun-fettin^. 

The  hour  of  • fun-fetting  doubled, 
gives  the  length  of  the  day;  and  ihe 
hour  of ' jfun-rifing,  doubled,  gives  the 
length  of  the  night. 

g 2 PROBLEM 

^ All  places  whofe  latitude  Is  more  than  66h  degrees 
ar«  in  ■the  frigid  zones}  and  to  thofe  places  the  liin- does  not 
tin  in  fummer  for  a certain  number  of  diurnal  rerolutions, 
which  occa (Ions  this  limitation  of  latitude. 
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PROBLEM  XIX. 

'The  latilude  of  any  place^  and  the  day 
of  the  mouthy  being  given;  to  find  when 
the  morning  tiviliglU  begins^  and  the 
evening  twiliglii  ends,  at  that  place. 

This  problem  is  often  limited,:  for, 
when  the  fun  docs  not  go  18  degrees 
below  the  horizon,  the  twilight  conti- 
nues the  whole  night;  and  for  ieveral 
nights  together  in  furnmer,  between  49 
and  66 j degrees  of  latitude : and  the 
nearer  to  66  j;  the  greater  is  the  number 
of  thefe  nights.  But  when  it  does  be- 
gin and  end,  the  following  method  will 
{hew  the  time  for  any  given  day. 

Redlify  the  globe,  and  bring  the  fun’s 
place  in  the  ecliptic  to  the  eaftern 
tide  of  the  horizon ; then  mark  that 
point  of  the  ecliptic  with  chalk  which 
is  in  the  weflern  fide  of  the  horizon,  it 
being  the  point  oppoiite  to  the  fun’s 
place : this  done,  lay  the  quadrant  of 
altitude  over  the  faid  point,  and  turn 
the  globe  eaftward,  keeping  the  qua- 
drant at  the  chalk-mark,  until  it  b^ 
piR  18  degrees  high  on  the  quadrant; 
and  the  index  will  point  out  the  time 

when 
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when  the  morning  twilight  begins : for 
the  Inn’s  place  will  then  be  18  degrees'- 
below  the  eaftern  fide  of  the  horizon. 
To  find  the  time  when  the  evening  twi- 
light ends,  bring  the  fun’s  place  to  the 
wefiern  fide  of  the  horizon,  and  the 
point  oppofite  to  it,  which  was  marked 
with  the  chalk,  will  be  rifing  in  the  eaft : 
then,  bring  the  quadrant  over  that  point, 
and,  keeping  it  thereon,  turn  the  globe 
weftward,  until  the  faid  point  be  18 
degrees  above  the  horizon  on  the  qua- 
drant, and  the  index  will  fhew  the  time 
when  the  evening  twilight  ends;  the 
fun’s  place  being  then  IS  degrees  below 
the  weftern  fide  of  the  horizon. 


PROBLEM  XX. 

To  find  on  xvhat  day  of  the  year  the  sun 
begins  to  shine  constantly  zvithout  settings 
on  any  given  place  in  the  north  frigid 
zone;  and  hoit  long  he  continues  to  do  so. 

Rectify  the  globe  to  the  latitude  of 
the  place,  and  turn  it  about'  until  fome 
poiat  of  the  ecliptic,  betv^een  Aries 
and  Cancer,  coincides  with  the  north 
point  of  the  hotizon  where  the  bra- 

fen 
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fen  meridian  cuts  it : then  find,  on 
the  wooden  horizon,  what  day  of  the 
year  the  fun  is  in  that  point  of  the 
ecliptic  ; for  that  is  the  day  on  which 
the  fun  begins  to  fhine  coiiftantly  on 
the  given  place,  without  fet ting*  This 
done,  turn  the  globe  until  fbme  point 
of  the  ecliptic,  between  Cancer  and 
Tibra^  coincides  with  the  north  point 
of  the  horizon,  where  the  braien  meri- 
dian cuts  it ; and  find,  on  the  wooden 
horizon,  on  what  day  the  fun  is  in 
that  point  of  the  ecliptic ; which  is 
the  day  that  the  fun  leaves  off  con- 
fiantly  fhining  on  the  faid  place,  and 
rifes  and  lets  to  it  as  to  other  places 
on  the  globe.  The  number  of  natural 
days,  or  complete  revolutions  of  the  fun 
about  the  earth,  between  the  two  days 
above  found,  is  the  time  that  the  fun 
keeps  conftantly  above  the  horizon 
without  fetting : for  all  that  portion  of 
the  ecliptic,  which  lies  between  the 
two  points  which  interfe6t  the  horizon 
in  the  very  north,  never  lets  below  it: 
and  there  is  juft  as  much  of  the  oppofite 
part  of  the  ecliptic  that  never  rifes; 
therefore,  the  fun  will  keep  as  long 
conftantly  below  the  horizon  in  winter, 
as  above  it  in  fummef* 


Whoever 
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Whoever  [conliders  the  globe  will 
find,  that  all  places  of  the  earth  do 
equally  enjoy  the  benefit  of  the  fun,  in 
refpe6l  of  time,  and  are  equally  depriv- 
ed of  it.  For,  the  days  and  nights  are 
alway<f  equally  long  at  the  equator : 
and  in  all  places  that  have  latitude, 
the  days  at  one  time  of  the  year  are  ex« 
aftly  equal  to  the  nights  at  the  oppo- 
fite  feafon. 

4 

PROBLEM  XXl. 


To  find  in  xohat  latitude  the  sun  shines 
constantly  without  setting,  for  dny  length  ' 
of  time  less  than  of  our  days 

and  nights* 


Find  a point  in  the  ecliptic  half  as 
many  ^'degrees  from  the  hegihriing  of 
(either  toward  Aries'- ox  ' Libra) 
there  are  f natural  days  in  the  time 
given;  and  ^bring  that  point  *fo’ the 
north  fide  of  the  brafen  meridian,  ‘bn 

' ■ ' ‘ which 


• Th<;  reafort  of  this  limitation  is,  that  of  onr  days 
ami  nights  make  half  a year,  which  is  the  Jongeft  time 
that  the  fun  iliines  without  fettlne,  ev’lfh  at  the  'poles  ol 
theearth.  ' ‘ ' '■  ^ •> 

' t A natural  day  contaios  the  whole  24  hours  j 
artificial  day,  th«  time  that  the  fttn  is  above  the' h on wr. 
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which  the'degrees  are ' numbered  from 
the.  pole  towards  the  equator : then, 
keep  the  globe  from  turning  on  its  axis, 
and  Hide  the  meridian  up  or  down  until 
the  forefaid  point  of  the  ecliptic  comes 
to  the  north  point  of  the  horizon,  and 
then,  the  elevation  of  the  pole  will  be 
equal  to  the  latitude  required. 

PROBLEM  XXII. 

The  latitude  of  a place ^ not  exceeding  6G\ 
degrees.,  and  the  day  of  the  month  hebig 
given;  to  find  the  suns  amplitude,  or 
point  of  the  compass  on  xUiich  he  vises 
or  sets. 

Re6lify  the  globe,  and  bring  the 
fun  s place  to  the  eaftern  fide  of  the 
horizon;  then  obferve  what  point  of 
the  compafs  on  the  horizon  /lands 
right  againft  the  fun’s  place,  for  that 
is  his  amplitude  at  rifing.  This  done, 
turn  the  globe  we/lward,  until  the 
fun’s  place  comes  to  the  we/lern  fide 
of  the  horizon,  and  it  will  cut  the 
point  of  his  amplitude  at  fetting.  Or, 
you  may  count  the  rifing  amplitude  in 
degrees,  from  the  ea/l  point  of  the 
horizon,  to  that  point  where  the  fun’s 
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place  cuts  it;  and  the  fetting  ampjitude, 
from  the  weft  point  of  the  horizhn,  to 
the  fun’s  place  at  fetting.  ’ 

PROBLEM  XXIII. 

The  latlliide^  ike  suns  place^  and  his  * 
altitude  being  given;  to  find  the  hour 
of  the  day,  and  the  sun's  azimuth^  or 
number  of  degrees  that  he  is  distant  from 
the  meridian. 

Reftify  the  globe,  and  bring  the  fun’s 
place  to  the  given  height  upon  the  qua^ 
drant  of  altitude;  on  the  eaftern  fide  of 
the  horizon,  if  the  time  be  in  the  fore- 
noon ; or  the  weftern  fide,  if  it  be  in  the 
afternoon;  then,  the  index  will  fhew 
the  hour : and  the  number  of  degrees 
in  the  horizon,  intercepted  between  the 
H quadrant  of  altitude  and  the  fouth  pointy 
will  be  the  fun’s  true  azimuth  at  that 
time. 

N,  B.  Always  when  the  quadrant  of 
altitude  is  mentioned  in  working  any 
problem,  the  graduated  edge  of  it  is 
meant.  ^ . • 

If  this  be  done  at  lea,  and  compared 
with  the  fun’s  azimuth,  as  fhewn  by 

h , the  - 

♦ The  fun’s  altitude,  at  any  time,  is  hU  height  abore  the 
horinon  at  that  time. 
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the  cpmpafTes,  if  they  agree,  the  compafs 
has  no  variation  in  that  place:  but  if 
they. differ,  the  compafs  does  vary;  and 
the  variation  is  equal  to  this  difference. 

/ PROBLEM  XXIV. 

The  latitude f hour  of  the  dmj^  and  the 
sims  place^  being  given;  to  find  the 
suits  altitude  and  azimuth, 

t ' 

Re6fify  the  globe,  and  turn  it  until 
the  index  points  to  the  given  hour; 
then  lay  the  quadrant  of  altitude  over 
the  fun’s  place  in  the  ecliptic,  and  the 
degree  of  the  quadrant  cut  by  the  fun’s 
place  is  his  altitude  at  that  time  above 
the  horizon;  and  the  degree  of  the  ho- 
rizon cut  by  the  quadrant  is  the  fun’s 
azimuth,  reckoned  from  the  fouth. 

. PROBLEM  XXV. 

The  latitude the  suns  altitude^  and  his 
azimuth  being  given  ; to  find  his  place 
in  the  ecliptic^  the  day  of  the  month, 
and  hour  , of  the  day^  though  they  had 
nil  been  lost, 

' Ke£lif}'  the  globe  for  the  latitude  and 

zenith, 
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I 

* zenith,  and  fet  the  quadrant  of  alti- 
tude to  the  given  azimuth  in  the  hori- 
zon ; keeping  it  there,  turn  the  globe 
on  its  axis  until  the  ecliptic  cuts  the 
quadrant  in  the  given  altitude:  that 
point  of  the  ecliptic  which  cuts  the 
quadrant  there,  will  be  the  fun’s  place; 
and  the  day  of  the  month  anfwering 
thereto,  will  be  found  over  the  like 
place  of  the  fun  on  the  wooden  horizon. 
Keep  the  quadrant  oF  altitude  in  that 
pOiition,  and  having  brouglit  the  fun’s 
place  to  the  brafen  meridian,  and  the 
hour-index  to  XII  at  noon,  turn  back 
the  globe,  until  the  fun’s  place  cuts  the 
quadrant  of  altitude  again,  and  the 
index  will  fhew  the  hour- 

Any  two  points  of  the  ecliptic,  which 
are  equi-dillant  from  the  beginning  of 
Cancer  or  of  Capricorn-^  will  have  the 
lame  altitude  and  azimuth  at  the  fame 
hour,  though  the  months  be  different; 
and  therefore  it  requires  fome  care  in 
this  problem,  not  to  miftake  both  the 
month,  and  the  day  of  the  month;  to 
avoid  whicdi,  obferve,  that  from  the 
i^Oth  of  IVfarch  to  the  of  June, 

that  part  of  the  ecliptic  which  is 

h 2 between 


• By  refHfyIng  the  globe  for  the  zenith,  is  meant  ferewing 
the  quadrant  of  altitude  to  the  given  latitude  oa  the  brafs 
inendian. 


I 
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between  the  beginning  of  Aries  and  be- 
ginning of  Cancer  is  to  be  ufed  : from 
the  2lft  of  June  to  the  23d'  of  Septem- 
ber, between  the  beginning  of  Cancer 
and  beginning  of  Libra : from  the  23d 
of  September  to  the  2lft  of  December, 
between  the  beginning  Libra  and  the 
beginning  of  Capricorn  ; and  from  the 
21  ft  of  December  to  the  20  th  of  March, 
between  the  beginning  of  Capricorn  and 
beginning  of  Aries.  And  as  one  can 
never  be  at  a lofs  to  know  in  what  quar- 
ter of  the  year  he  takes  the  fun^s  alti- 
tude and  azimuth,  the  above  caution 
with  regard  to  the  quarters  of  the  eclip- 
tic,  will  keep  him  right  as  to  the  month 
and  day  thereof. 

PROBLEM  XXVr. 

To  jiJul  the  length  of  the  longest  day  at  any 

given  place. 

r 

If  the  place  be  on  the  north  fide  of 
the  equator  (find  its  latitude  by  Prob. 

I.  and  elevate  the  north  to  that  latitude) ; 
then,  bring  the  beginning  of  Cancer  & 
to  the  brafen meridian,  and  fet  the  hour- 
index  to  XII  at  noon.  But  if  the  given 
place  be  on  the  fouth  fide  of  the  equator, 
elevate  the  fouth  pole  to  its  latitude, 

and  . 
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and  bring  the  beginning  of  Capricorn  » 
to  the  brafs  meridian,  and  the- hour- 
index  to  XII.  This  done,  turn  the  globe 
weltward,  until  the  beginning  Cancer 
or  Capricorn  (as  the  latitude  is  north  or 
fbuth)  comes  to  the  horizon;  and  the 
index  will  then  point  out  the  time  of 
fun-fetting,  for  it  will  have  gone  over 
all  the  afternoon  hours,  between  mid-* 
day  and  fun-fet ; which  length  of  time 
being  doubled,  will  give  the  whole 
length  of  the  day,  from  fun-rifing  to 
fun-fetting.  For,  in  all  latitudes,  the 
fun  rifcs  as  long  before  mid-day,  as  he 
fets  after  it. 

PROBLElVl  XXVir. 

To  find  in  what  latitude  the  longest  dap 
is  of  any  given  length  less  than  24* 
hours. 

1 

If  the  latitude  be  north,  bring  the 
beginning  of  Cancer  to  the  brafen  me- 
ridian, and  elevate  the  north  pole  to 
about  degrees;  but  if  the  latitude 
be  fbuth,  bring  the  beginning  of  6V 
pricorn  to  the  meridian,  and  elevate 
the  fouth  pole  to  about  66 1 degrees, 
bccaufethelongeft  day  in  north  latitude 
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is  when  the  fun  is  in  the  firft  point  of 
Cancer;  and  in  fouth  latitude,  when  he 
is  in  the  firft  point  o{'  Capricorn.  Then 
fet  the  our-index  to  XII  at  noon,  and 
turn  the  globe  weftvwd,  until  the  index 
points  at  half  the  number  of  hours  giv- 
en ; which  done,  keep  the  globe  from 
' turning  on  its  axis,  raid  fide  the  meri- 
dian down  in  the  notches,  until  the  afore- 
faid  point  of  the  ecliptic  (viz.  Cancer  or 
Capricorn)  comes  to  the  horizon ; then, 

' the  elevation  of  the  pole  will  be  equal 
to  the  latitude  required. 

PROBLEM  XXVIII. 

The  latitude  of  any  place,  not  exceeding  66^ 
degrees^  being  given ; to  find  in  what  ^ 
climate  the  place  is. 

Pind  the  length  of  the  longeft  day 
at  the  given  place  by  Prob.  XXVI. 

and 

* A Climate^  from  tlie  equator  to  either  of  the  polar  circles, 
li  a tra6l  of  the  earth’s  I’urface,  included  between  two  Inch 
parallels  of  latitude,  that  the  length  of  the  Jongeft  day  in 
the  one  exceeds  t!iat  in  the  other  by  half  an  hour}  but  from 
the  polar  circles  to  the  poles,  where  the  fun  keeps  long  abore 
the  horizon  without  fetting,  each  climate  differs  a whole  month 
from  the  one  next  to  it.  There  arc  twenty-four  climates 
between  the  equator  and  each  of  the  polar  circles  j and  fix 
from  each  polar  cit  de  to  its  rcfpc£live  pole. 
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and  whatever  be  the  number  of  hours 
whereby  it  exceed eth  twelve,  double 
that  number,  and  the  fun  will  give  the 
climate  in  which  the  place  is. 

PROBLEM  XXIX. 

The  latitude^  and  the  day  of  the  month-i  be- 
ing  givc7i ; to  find  the  hour  of  the  day 
when  the  sun  shines. 

\ 

Set  the  wooden  horizon  truly  level, 
and  the  brafen  meridian  due  north  and 
fouth  by  a mariner’s  com  pals  : then, 
liaving  reclified  the  globe,  flick  a fmall 
fewingmeedle  into  the  fun’s  place  in  the 
ecliptic,  perpendicular  to  that  part  of 
the  furface  of  the  globe  : this  done, 
turn  the  globe  on  its  axis,  until  the 
needle  comes  to  the  brafen  meridian, 
and  let  the  hour-index  to  XII  at  noon: 
then,  turn  the  globe  on  its  axis  until  the 
needle  points  exa6lly  towards  the  fun 
(which  it  will  do  when  it  calls  no  lha- 
dow  on  the  globe)  and  the  index  will 
Ihew  the  hour  of  the  day. 


PROBLEM 
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PROBLEM  XJCX. 

A pleasant  tcai/  of  shewing  all  those  places 
of  the  earth  xvhich  are  eJiUghiened  by 
the  sun.,  and  also  the  time  of  the  day  xvhen 
the  sun  shines. 

Take  the  terreftrial  ball  out  of  the 
wooden  horizon,  and  alfo  out  of  the 
brafen  meridian ; then  fet  it  upon  a 
pedeftal  in  fun-fhine,  in  fuch  a man- 
ner, that  its  north  pole  may  point  di- 
reflly  towards  the  north  pole  of  the 
heaven,  and  the  meridian  of  the  place 
where  you  are  be  direftly  towards  the 
foath.  Then,  the  fun  will  fhine  upon 
all  the  like  places  of  the  gobe,  that 
he  does  on  the  real  earth,  riling  to  fome 
when  he  is  fetting  to  others;  as  you 
may  perceive  by  that  part  where  the 
enlightened  half  of  the  globe  is  divid- 
ed from  the  half  in  the  fhade,  by  the 
boundary  of  the  light  and  darkneft  : all 
thofe  places,  on  which  the  fun  fhines, 
at  any  time,  having  day ; and  all  thole, 
on  which  he  does  not  fhine,  having 
night. 

'if  a narrow  flip  of  paper  be  put 
round  the  equator,  and  divided  into 

24  equal 
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•il-  equal  parts,  beginning  at  the  me- 
ridian of  your  place,  and  the  hourb'  be 
fet  to  thofe  diviiions  in  fuch  a man- 
ner, that  one  of  the  VTs  mav  be  upon 
your  meridian;  the  fun  being  upon 
that  meridian  at  noon,  will  then  (nine 
exaftly  to  the  two  XII’s;  and  at  one 
o’clock  to  the  two  Fs,  &c.  So  that  the 
piace,  where  the  enlightened  half  of 
the  globe  is  parted  from  the  fbaded 
half,  in  this  circle  of  hours,  will  faew 
the  hour  of  the  day. 

We  fhall  here  add  the  following  ob- 
fervations  on  the  Terrcftrial  globe,  and 
then  proceed  to  the  Ufe  of  the  Celeflial 
Globe, 

1 . The  latitude  of  any  place  is  equal 
to  the  elevation  of  the  pole  above  the 
horizon  of  that  place,  and  the  elevation 
of  the  equator  is  equal  to  the  comple- 
ment of  the  latitude,  that  is,  to  what 
the  latitude  wants  of  90  degrees. 

2.  Thofe  places  which  lie  on  the 
equator  have  no  latitude,  it  being  there 
that  the  latitude  begins;  and  thofe  places 
which  lie  on  the  firft  meridian  have  no 
longitude,  it  being  there  that  the  lon- 

i gltude 
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gitude  begins.  Confequently,  that  par- 
ticular place  of  the  earth  where  the 
firft  meridian  interfedts  the  equator 
has  neither  longitude  nor  latitude. 

3.  In  all  places  of  the  earth,  except 
the  poles,  all  the  points  of  the  compals 
may  be  diftinguifhed  in  the  horizon  ; 
but  from  the  north  pole,  every  place  is 
fouth,  and  from  the  fouth  pole,  every 
place  is  north.  Therefore,  as  the  fun  is 
conftantly  above  the  horizon  of  each 
pole  for  half  a year  in  its  turn,  he  cannot 
be  faid  to  depart  from  the  meridian  of 
either  pole  for  half  a year  together. 
Confequently,  at  the  north  pole  it  may  be 
faid  to  be  noon  every  moment  for  half 
a year;  and  let  the  winds  blow  from 
what  part  they  will,  they  mull  always 
blow  from  the  fouth;  and  at  the  fouth 
pole,  from  the  north, 

4.  Becaufe  one  half  of  the  ecliptic  is 
above  the  horizon  of  the  pole,  and  the 
•fun,  moon  and  planets,  move  in  (or 
nearly  in)  the  ecliptic;  they  will  rile  and 
fet  to  the  poles.  But,  becaufe  the  liars 

, never  change  their  declinations  from  the 
equator  (at  lead  not  fenlibly  in  one  age) 
|ho(e  which  are  once  above  the  horizon 

of 
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of  either  pole,  never  fef  below  It ; and 
thofe  which  are  once  below  it,  never 
rife. 

5.  All  places  of  the  earth  do  equally 
enjoy  the  benefit  of  the  fun,  in  refpe6l  of 
time,  and  are  equally  deprived  of  it. 

6.  All  places  upon  the  equator  have 
their  days  and  nights  equally  long,  that 
is  12  hours  each,  at  all  times  of  the  year. 
For  although  the  fun  declines  alter- 
nately, from  the  equator  towards  the 
north  and  towards  the  fouth,  yet,  as  the 
horizon  of  the  equator  cuts  all  the  pa- 
rallels of  latitude  and  declination  in 
halves,  the  fun  mufl:  always  continue 
above  the  horizon  for'one  half  of  a di- 
urnal revolution  about  the  earth,  and 
for  the  other  half  below  it. 

7.  ^ When  the  fun’s  declination  is 
greater  than  the  latitude  of  any  place, 
upon  either  fide  of  the  equator,  the  fun 
will  come  twice  to  the  azimuth  or  point 
of  the  compals  in  the  forenoon  at  that 
place ; and  twice  to  a like  azimuth  in 
the  afternoon;  that  is,  he  will  go  twice 
back  every  day,  whilvt  his  declination 
continues  to  be  greater  than  the  latitude. 
Thus  fuppofe  the  globe  re6liried  to  the 

1 2 latitude 


N 


6'8  Observations  concernins:  the 

O 

I 

\ ‘ ^ 

latitude  of  BarbacTues,  whiqh  is  13  de- 
grees north;  and  the  f m to  be  any  where 
in  the  ecliptic,  between  tlie  middle  of 
Taurus  and  middle  of  Leo;  if  the 
quadrant  of  altitude  be  fet  about  ^ 18 
degrees  north  of  the  eaft  in  the  horizon, 
the  fun's  place  be  marked  with  a chalk 
upon  the  ecliptic,  and  the  globe  be  then 
turned  weftward  on  its  axis,  the  faid 
mark  will  rife  in  the  horizon  a little  to 
the  north  of  the  quadrant,  and  thence 
afeending,  it  wdll  crofs  the  quadrant 
towards  the  fouth ; but  before  it  arrives 
at  the  meridian,  it  wdll  crofs  ,the  qua- 
drant again,  and  pafs  over  the  meridian 
northward  of  Barbadoes.  And  if  the 
quadrant  be  fet  about  18  degrees  north 
of  the  weft,  the  fun's  place  will  crofs  it 
twice,  as  it  deicends  from  the  meridian 
towards  the  horizon,  in  the  afternoon. 

8.  In  all  places  of  the  earth  betw'een 
the  equator  and  the  poles,  the  days  and 
nights  are  equally  long,  viz.  labours 
each,  when  the  fun  is  in  the  equino6Ual ; 
fbr  in  all  elevations  of  the  pole,  fhort 
of  90  degrees  (wdiich  is  the  greateft)  one 
half  of  the  equator  or  equino6lial  will  be 

above 


* From  the  middle  of  Gemini  to  the  middjc  of  Cancer,  the 
quadrant  may  be  fet  20  dcgsces. 
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above  the  horizon,  and  the  other  half 
below  it. 

I 

D,  Ihe  days  and  nights  are  never  of 
an  equal  length  at  any  place  between 
the  equator  and  the  polar  circles,  but 
wlien  the  fun  enters  the  iigns  x Aries 
and  Libra.  For  in  every  other  part  of 
the  ecliptic,  the  circle  of  the  fun's  daily 
motion  is  divided  into  two  unequal  parts 
by  the  horizon. 

I 

10.  The  nearer  that  any  place  is  to 
the  equator,  the  lefs  is  the  difference 
between  the  length  of  the  days  and 
nights  in  that  place;  and  the  more  re- 
mote, the  contrary.  The  circles  which 
the  fun  deferibes  in  the  heaven  every 

hours  being  cut  more  nearly  equal 
in  the  former  cafe,  and  more  unequally 
in  the  latter. 

) 

11.  In  all  places  lying  upon  any  given 
parallel  of  latitude,  however  l<mg  or 
Ihort  the  day  or  night  be  at  any  one  of 
thefe  places,  at  any  time  of  the  year,  it 
is  then  of  the  fame  length  at  all  the  red; 
for  in  turning  the  globe  round  its  axis 
(when  rcciitied  according  to  the  hiifs 
declination)  all  thefe  places  will  beep 

equally 
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equally  long  above  or  below  the  horizon-, 

12.  The  fun  is  vertical  twice  a year 
to  every  place  between  the  tropics;  to 
thofe  under  the  tropics,  once  a year,  but 
never  any  where  eife.  For,  there  can 
be  no  place  between  the  tropics,  but 
that  there  will  be  two  points  in  the  e- 
cliptic,  whofe declination  from  the  equa- 
tor is  equal  to  the  latitude  of  that  place; 
and  but  one  point  of  the  ecliptic  which 
has  a declination  equal  to  the  latitude 
of  places  on  the  tropic  which  that  point 
of  the  ecliptic  touches;  and  as  the  fun 
never  goes  without  the  tropics,  he  can 
never  be  vertical  to  ahy  place  that  lies 
without  them.' 

1 3.  To  all  p'^aces  in  the  ^ torrid  zone, 
the  duration  of  the  twilight  is  leaf!,  be- 
caule  the  fun’s  daily  motion  is  the  moft 
perpendicular  to  the  horizon;  in  the 
frigid  f zones,  greatest , becaufe  the  fun’s 
daily  motion  is  nearly  parallel  to  the 
horizon;  and  therefore  he  is  the  longer 
in  getting  i $ degrees  below  it  (till  which 
time  the  twilight  always  continues.)  And 

in 
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f Between  the  polar  circles  and  poles. 
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hi  the  * temperate  zones  it  is  at  a fnedh 
um  between  the  two,  becaufe  the  obli- 
quity of  the  fun’s  daily  motion  is  fo. 

14.  In  all  places  lying  exaftly  under 
the  |X)lar  circles,  the  fun,  when  he  is 
in  the  nearell:  tropic,  continues  24  hours 
above  the  horizon  without  letting;  be- 
caufe no  part  of  that  tropic  is  below  their 
horizon.  And  when  the  fun  is  in  the 
farthert:  tropic,  he  is  for  the  fame  length 
of  time  without  riling;  becaule  no  part 
of  that  tropic  is  above  their  horizon. 
But,  at  all  other  times  of  the  year,  he 
rifes  and  fets  there,  as  in  other  places; 
becaufe  all  the  circles  that  can  be  drawn 
parallel  to  the  equator,  between  the  tro- 
pics,are  more  or  lefs  cut  by  the  horizon, 
as  they  are  farther  from,  or  nearer  to, 
that  tropic  which  is  all  above  the  hori- 
zon: and  when  the  fun  is  not  in  either 
of  the  tropics,  his  diurnal  courle  muft 
be  in  one  or  other  of  thefe  circles. 

15.  To  all  places  in  the  northern  he- 
' mifphcre,  from  the  equator  to  the  polar 

circle,  the  longefl  day  and  fhortcll 
night  is  when  the  fun  is  in  the  northern 
tropic;  and  the  fhortefl  day  and  longefl 
night  is  when  the  fun  is  in  the  foutheru 
tropic;  becaufe  no  circle  of  the  fun’s 

daily 
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^aily  motion  »o  much  above  the  hori- 
zon, and  ib  luik*  belo  w it,  ab  the  north- 
ern  tropic ; and  none  ib  little  above  it, 
and  fo  much  below  it  as  tlie  fouthern. 
In  the  fb ui hern hemilpb ere  the  contrary. 

16.  In  all  places  between  the  polar 
circles  and  poles,  the  fun  appears  for 
Ibmc  number  of  days  (or  rather  diurnal 
revolutions)  without  fetting ; and  at  the 
oppolite  time  of  the  year  without  riling; 
becarife  fome  part  of  the  ecliptic  never 
lets  in  the  former  cale,  and  as  much  of 
the  oppolite  part  never  rifes  in  the  latter. 
And  the  nearer  unto,  or  the  me  re  remote 
fro  n the  pole,  thefe  places  are,  the 
lone^er  or  Ihorter  is  the  fun’s  continuaj 
f reience  or  abfence, 

I 1 

17.  If  a fhip  lets  out  from  any  port, 
and  fails  round  the  earth  call  ward  to 
the  fame  port  again,  let  her  take  what 
lime  fhe  will  to  do  it  in.  the  people  in 
tnai  fhip,  in  reckoning  their  time,  will 
gain  one  complete  day  at  their  return, 
or  count  one  day  more  than  thole  who 
refide  at  the  lame  port;  becaule,  by 
going  contrary  to  the  fun’s  diurnal  mo- 
tion, and  being  forwarder  every  evening 
than  they  \A’crc  in  the  morning,  their 

horizon 
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liorizon  will  get  fo  much  the  fooner 
above  the  fetting  fun,  .than  if  they  had 
stopt  for  a whole  clay  at  any  particular 
place.  And  thus,  by  cutting  off  a part 
proportionable  to  their  own  motion  from 
the  length  of  every  day,  they  will  gain 
one  complet  day  of  that  fort  at  their 
return ; without  gaining  one  moment  of 
^ abfolutetime  more  than  is  elapfed  during 
’ thed*  courfe,  to  the  people  at  the  port. 
If  they  fail  weftward,  they  will  reckon 
one  day  lefs  than  the  people  do  who 
relide  at  the  faid  port,  becaufe,  by  gra- 
dually following  the  apparent  diurnal 
motion  of  the  fun,  they  will  keep  him 
each  particular  day  fo  much  longer 
above  their  horizon,  as  anfwers  to  that 
day’s  courfe;  and  by  that  means,  they 
cut  off  a whole  day  in  reckoning  at  their 
return,  without  lofmg  one  moment  of 
abfolute  time. 

•Hence,  if  two  fhips  fhould  let  out  at 
^the  fame  time  from  any  port,  and  fail 
round  the  globe,  one  eadward  and . the 
other  weftward,  fo  as  to  meet  at  the 
fame  port  on  any  day  v/hatever,  they 
will  differ  two  days  in  reckoning  their 
time  at  their  return.  If  they  fail  twice 
round  they  ^ arth,  tliey  will  differ  four 
days;  ii  tnee,  then  fix  &c. 
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THE  USE  OF  THE 

CELESTIAL  GLOBE, 

A K D 


VRMILLARY  SPHERE. 


J^AVING  done  for  the  prefent 
with  the  terreftrial  globe,  we  fhall  pro-  Jiatghlf' 
ceed  to  the  ufe  of  the  celeftial ; firft 
premUing,  that  as  the  equator,  ecliptic, 
tropics,  polar  circles,  horizon,  and  bra- 
fen  meridian,  are  exa6lly  alike  on  both 
globes,  all  the  former  problems  con- 
cerning the  fun  are  Iblved  the  fame 
way  by  both  globes.  The  method  alfo 
of  re61ifying  the  celeftial  globe  is  the  u ° ^ 

fame  as  re6Ufying  the terreftrial,  viz. 

Elevate  the  pole  according  to  the  lati- 
tude of  your  place,  then  fcrew  the  qua- 
drant of  altitude  to  the  zenith,  on  the 
brafs  meridian;  bring  the,  fun’s  place 
in  the  ecliptic  to  the  graduated  edge  of 
the  brafs  meridian,  on  the  fide  which  is 

\ k 2 above 
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7^  he  Ijse  of  ihe  Celestial  globe, 

above  the  fouth  point  of  the  wooden 
horizon,  and  fet  the  hour  index  to  the 
uppermofl  XII,  which  Hands  for  noon. 

N.  B.  The  fun’s  place  for  any  day 
of  the  year  Bands  directly  over  that  day 
on  the  horizon  of  the  celeftial  globe,  as 
it  does  on  that  of  the  terrcilrial. 
anV  hngi.  The  Uitltude  and  longitude  of  the 

or  of  all  other  celeftial  pheno- 
mena, are  reckoned  in  a very  ditferent 
manner  from  the  latitude  and  longitude 
of  places  on  the  earth : for  terreftrial 
latitudes  are  reckoned  from  the  equator, 
and  longitudes  frcnn  the  meridian  of 
Ibrne  remarkable  place,  as  of  London 
by^  the  Lnglifh,  and  of  Paris  by  the 
French;  though  moH  of  the  French 
maps  begin  their  longitude  at  the  me- 
ridian of  the  ifland  Faro. But  the 

ahronomers  of  all  nations  agree  in 
reckoning  the  latitudes  of  the  moon, 
Bars,  planets,  .and  comets,  from  the 
ecliptic ; and  their  longitudes  from  the 
erjuinoctial  calure^  in  that  femicircle 

of 

■*  The  great  circle  that  pafTes  through  the  eqtu~ 
noctial  points  at  the  beginning  of  T,  and  and 
through  the  poles  of  the  v/or!d  (which  are  two 
. oppolite  points,  each  90  degrees  from  the  equi- 

Co'ures  nodlial)  is  t\\t  equino^iial  colui  e : and  Xht  great 

circle  that  pahes  through  the  beginning  of  S and  'V> 

and 
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of  it  which  cuts  the  ecliptic  at  the 
beginning  of  ries  y ; Rud  thence  eaft- 
warcl,  quite  round,  to  the  fame  femi- 
circle  again.  Confequently,  thofe  itars 
which  lie  between  the  equinoftial  and 
the  northern  half  of  the  ecliptic  have 
north  declination  and . Ibuth  latitude ; 
thofe  which  lie  between  the  equino6Ual 
and  the  fouthern  half  of  the  ecliptic 
have  fbuth  declination  and  north  lati- 
tude; and  all  thofe  which  lie  between 
the  tropics  and  poles  have  their  decli- 
nations and  latitudes  of  the  fame  de- 
nomination. 

There  are  iix  great  circles  on  the 
celeftial  globe,  ^ which  cut  the  ecliptic 
perpendicularly,  and  meet  in  tvvo  op- 
polite  points  in  the  polar  circles  ; wliich 
points  are  each  ninety  degrees  from 
the  ecliptic,  and  are  called  its  poles. 
Thefe  polar  points  divide  thofe  cir- 
cles into  twelve  femicircles;  which  cut 
the  ecliptic  at  the,  beginnings  of  the 
12  figns.  They  refemble  fo  many 
meridians  on  the  terreflrial  globe;  and 
as  all  places  which  lie  under  any  par- 
ticular meridian  femicircle  on  that 
\ globe 


and  alfo  through  the  poles  of  the  ecliptic,  and  poles  of  the 
world,  is  called  the  fg'ftiti'al  colure. 
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globe  have  the  fame  longitude,  fo  all 
thofe  points  of  the  heaven,  through 
which  any  one  of  the  above  femicircles 
are  drawn,  have  the  fame  longitude. — 
And  as  the  greateft  latitudes  on  the 
earth  are  at  the  north  and  fouth  poles 
of  the  earth,  fo  the  greateft  latitudes  in 
the  heaven  are  at  the  north  and  fouth 
poles  of  the  ecliptic. 

In  order  .to  diftinguifti  the  ftars, 
with  regard  to  their  fttuations  and 
poiitions  in  the  heaven,  the  antients 
divided  the  whole  viftble  firmament 
of  ftars  into  particular  f^'ftems,  which 
they  called  cojisicllations ; and  digefted 
them  into  the  forms  of  fuch  animals  as 
are  delineated  upon  the  celeftial  globe. 
And  thofe  ftars  which  lie  between  the 
figures  of  thofe  imaginary  animals, 
and ' could  not  be  brought  within  the 
compafs  of  any  of  them,  were  called 
unformed  stars. 

Becaufe  the  moon  and  all  the  planets 
were  obferved  to  move  in  circles  or 
orbits  which  crofs  the  ecliptic  (or  line 
of  the  fun’s  path)  at  fmall  angles,  and 
to  be  on  the  north  ftde  of  the  ecliptic 
for  one  half  of  their  courfe  round  the 
heaven  of  ftars,  and  on  the  fouth  ftde 
of  it  for  the  other  half,  but  never  to 
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go  quite  8 degrees  from  It  on  either 
tide,  the  ancients  diftinguifhed  that 
fpace  by  two  leffer  circles,  parallel  to 
the  ecliptic  (one  on  each  (ide)  at  8 de- 
grees diftance  from  it.  And  the  fpace 
included  between  thefe  circles  they 
called  the  zodiac^  becaufe  mod  of  the 
12  conftellations  placed  therein  refem- 
ble  fome  living  creature. — Thefe  con*  its 
ftellations  are,  1.  Aries  t?  the  ram; 

Taurus '(5^  the  bull;  3.  Ganini  the 
twins;  4.  Cancer  the  crab;  5.  Leo 
Sl^  the  lion ; 6,  Virgo  nc,  the  virgin ; 

7.  Libra  the  balance;  8.  Scorpio 
the  fcorpion;  9.  Sagittarius  the 
archer;  10.  Capricorniis  the  goat; 

\\*  Aquarius  the  water  bearer;  and 
12.  Pisces  the  fifhe-s. 

It  is  to  be  obferved,  that  in  the  Remark, 
infancy  of  aftronomy  thefe*  twelve 
condellations  flood  at  or  near  the 
places  of  the  ecliptic,  where  the  above 
chara6leriflics  are  marked  upon  the 
globe:  but  now,  each  conftellatiori 

has  got  a whole  fign  forwarder,  on 
account  of  the  receffion  of  the  equi- 
no6lial  points  from  their  former  places. 

So  that  the  conflellation  of  Arks  is 
now  got  into  the  former  place  o^Taui'us-y 
that  of  T'auriis^  into  the  former  place 
of  Gemini;  and  fb  on. 
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The  flars  appear  of  different  mag- 
nitudes to  the  eye;  probably  becaufe 
they  are  at  diflbrent  diftances  from  us. 
Thofe  which  appear  brighteft  and  lar- 
geft  are  called  stars  of  the  first  magni- 
tude; the  next  to  them  in  fize  and  luf- 
tre,  are  called  stars  of  the  second  magni- 
tude; and  fo  on  to  the  sixths  which  are 
the  fmalleft  that  can  be  dilcerned  by 
the  bare  eye. 

Some  of  the  moff  remarkable  ffars 
have  names  given  them,  as  Castor  and 
' the  heads  of  the  Twins,  Sirius 
in  the  mouth  of  the  Great  Dog^  Procyon 
in  the  fide  of  the  Little  Dog^  Rigcl  in 
the  left  foot  of  Orion^  Arctw'us  near 
the  right  thigh  of  Bootes^  &c. 

Thefe  things  being  premifed,  which 
I think  are  all  that  the  young  Tyro  need 
be  acquainted  with  before  he  begins 
to  work  any  problem  by  this  globe,  we 
fhall  now  proceed  to  the  moff:  ufeful  of 
thofe  problems,  omitting  feveral  which 
are  of  little  or  no  confequence. 


/ 
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To  find  the  right  ascension  and  f declU 

nation  of  the  sun,  or  any  jixed  star. 

Bring  the  fun's  place  in  the  ecliptic 
to  the  brafen  meridian,  then  that  degree 
in  the  equino61ial  which  is  cut  by  the 
meridian  is  the  fun's  right  ascension; 
and  that  degree  of  the  meridian  which 
is  over  the  fun’s  place  is  his  decimation. 
Bring  any  fixed  ftar  to  the  meridiah, 
and  its  right  ascension  will  be 
meridian,  in  the  equino£lial ; and  the 
degree  of  the  meridian  that  ftands  over 
it  is  its  declination. 

So  that  right  ascension  and  dec  I mat  ion., 
on  the  celehial  globe  are  found  in  the 
fame  maimer  as  longitude  and  latitude 
on  the  terreftrial. 

* The  degree  of  the  equinoiSllal,  reckoned  from  the  be- 
ginning of  Aries,  that  comes  to  the  meridian  with  the  limor 
liar,  is  its  right  afcenfion. 

•f  The  diilance  of"  the  fwn  or  ftar  in  degrees  from  the  equi- 
uo(5lial  towards  either  oi"  the  polesj  north  or  I’outh,  is  its 
declination,  which  is  north  or  fouth  accordingly. 

I 

1 PROBLEM 
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PR.OBLEM  'n. 

» 

To  find  the  latitude  ajid  longitude  of  any 

star, 

t 

If  the  given  (tar  be  on  the  north  fide 
of  the  ecliptic,  place  the  90th  degree 
of  the  quadrant  of  altitude  on  the  north 
pole  of  the  ecliptic,  where  the  twelve 
femicircles  meet,  which  divide  the 
ecliptic  into  the  \2  figns;  but  iftheflar 
be  on  the  fouth  fide  of  the  ecliptic, 
place  the  90th  degree  of  the  quadrant 
on  the  fouth  pole  of  the  ecliptic:  keep- 
ing the  90th  degree  of  the  quadrant- on 
the  proper  pole,  turn  the  quadrant 
about,  until  its  graduated  edge  cuts  the 
ilar:  then,  the  number  of  degrees  in 
the  quadrant,  between  the  ecliptic  and 
the  ftar,  is  its  latitude  ; and  the  de- 
gree of  the  ecliptic  cut  by  the  quadrant 
is  the  ftar’s  longitude,  reckoned  ac- 
cording to  the  fign  in  'which  the  qua- 
drant then  is. 


PROBLEM 
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PROBLEM  HI. 

\ 

To  represent  the  face  of  the  starry  firma- 
ment^ as  seen  from  any  given  place  of 
the  earth,  at  any  hour  of  the  night, 

Re6lify  the  celcftial  globe  for  the 
' given  latitude,  the  zenith,  and  fun’s 
place,  in  every  refpeQ,  as  taught  by 
the  17th  problem  for  the  terreflrial; 
and  turn  it  about,  until  the  index  points 
to  the  given  hour:  llien,  the  upper 
hemifphere  of  the  globe  will  reprefent 
the  vifible  half  of  the  heaven  lor  that 
time:  all  the  ftars  upon  the  globe' being 
then  in  fuch  iituations,  as  exa6tly  cor- 
refpond  to  thofe  in  the  heaven.  And 
if  the  globe  be  placed  duly  north  and 
Ibuth,  by  means  of  a fmall  fea-compafs, 
every  ftar  on  the  globe  will  ' point  to- 
ward the  like  itar  in  the  heaven : bv 
which  means,  the  conilellations  and 
remarkable  ftars  may  be  eaiily  known. 
All  thofe  Bars  which  are  in  the  eaflem 
Bde  of  the  heaven  are  riling  in  the  eaB- 
ern  tide  : all  in  the  weBern  are  fettins!' 
in  the  weftern  fide ; and  all  thofe  under 
the  upper  part  of  the  brafen  ineridran, 

1 2 between 
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between  the  fbuth  point  of  the  horizon 
and  the  north  poles,  are  at  their  grea- 
teft  altitude,  if  the  latitude  of  the  place 
be  north : but  if  the  latitude  be  fouth, 
thofe  liars  which  lie  'under  the  upper 
part  of  the  meridian,  between  the  north 
point  of  the  horizon  and  the  fbuth  pole, 
are  at  their  greatefl  altitude. 


PROBLEM  IV. 


The  latitude  of  the  place,  aitd  day  of  the 
month,  being  gircn;  to  find  the  time 
xvhen  any  kmntn  star  will  rise^  or  be 
upon  the  nuridian,  or  set* 

Having  re6lified  the  globe,  turn  it 
about  until  the  given  flar  comes  to 
the  eallern  fide  of  the  horizon,  and 
the  index  will  iliew  the  time  of  the 
liar’s  rifmgj  then  turn  the  globe  v^efl:- 
ward,  and  when  the  flar  comes  to  the 
brafen  meridian,  the  index  will  fhew 
the  time  of  the  Bar’s  coming  to  the 
meridian  of  your  place;  laflly,  turn 
on,  until  the  flar  comes  to  the  weflern 
lide  of  the  horizon,  and  the  index 
will  fhew  the  time  of  the  Bar’s  fetting. 

N.  B.In 
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N.  B.  In  northern  latitudes,  thofo 
Bars  which  are  lefs  diftant  from  the 
north  pole  than  the  quantity  of  its 
elevation  above  the  north  point  of  the 
horizon,  never  fet;  and  thofe  which  are 
lefs  diftant  from  the  fouth  pole  than 
the  , number  of  degrees  by  which  it  is 
deprelied  below  the  horizon,  never 

rife  : and  vice  versa  in  fouthern  latitudes. 

% 

PROBLEM  V. 

To  find  at  what  time  of  the  year  a given, 
star  tiill  be  upon  the  meridian^  at  a 
given  hour  of  the  night. 

Bring  the  given  Bar  to  the  upper 
femicircle  of  the  brafs  meridian,  and 
fet  the  index  to  the  given  hour^  then 
turn  ‘ the  globe,  until  the  index  points 
to  XII  at  noon,  'and  the  upper  femi- 
circle of  the  meridian  will  then  cut 
the  fun’s  place,  anfwering  to  the  day 
of  the  year  fought;  which  day  may  be 
ealily  found  againB  the  like  place  of 
the  fun  among  the  ligns  on  the  wooden 
horizon. 


PROBLEM 
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PROBLEM  VL 

The  latitude,  day  of  the  month,  and  * azi- 
muth of  any  known  star  being  given; 
to  find  ihe  hour  of  the  night. 

Having  re6tified  the  globe  for  the 
latitude,  zenith,  and  fun’s  place,  lay 
the  quadrant  of  altitude  to  the  given 
degree  of  azimuth  in  the  horizon  ; then 
turn  the  globe  on  its  axis,  until  the  ftar 
comes  to  the  graduated  edge  of  the 
quadrant ; and  when  it  does,  the  index 
will  point  out  the  hour  of  the  night. 

PROBLEM  Vir. 

t 

The  latitude  of  the  place,  the  day  of  the 
months  and  altitude  f of  any  known 
star,  being  given ; to  find  the  hour  of 
ihe  night. 

, Re^Ufy  the  globe  as  in  the  former 

problem,  guefs  at  the  hour  of  the 

night, 


• The  number  of  dejreei  that  the  fun,  moon,  or  any 
ftar  is  from  the  meridian,  either  to  the  eaft  or  weft,  is 
called,  its  azimuth. 

•f  The  number  of  degrees  that  the  ftar  it  above  the  horiaon, 
as  obferved  by  means  of  a common  quadrant,  is  called  itt 
mUiiude. 
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night,  and  turn  the  globe  until  the  in- 
dex points  at  the  fuppofed  hour ; then 
lay  the  graduated  edge  of  the  quadrant 
of  altitude  over  the  known  ftar ; and  if 
the  degree  of  the  Aar’s  height  in  the 
quadrant  upon  the  globe  anfwers  ex- 
a6Hy  to  the  degree  of  the  obferved  alti- 
tude jn  the  heaven,  you  have  guefled 
exa6lly : but  if  the  Aar  on  the  globe  is 
higher  or  lower  than  it  was  obferved  to 
be  in  the  heaven,  turn  the  globe  back- 
wards or  forwards,  keeping  the  edge  of  ^ 
the  quadrant  upon  the  Aar,  until  its  cen- 
ter comes  to  the  obferved  altitude  in-the 
quadrant ; and  then  the  index  will  Ihew 
the  true  time  of  the  nightj 

PROBLEM  VIIL 

,/Jn  easy  method  for  finding  the  hour  of 
the  night  by  any  known  stars^  without 
knowing  either  their  altitude  or  azimuth  ; 
and  then^  of  finding  both  their  altitude 
and  azimuth^  and  thereby  thegrue  merU 
dian. 

Tie  one  end  of  a thread  to  a com- 
mon musket  bullet;  and,  having  rec- 
tified the  globe  as  above,  hold  the 

other 
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other  end  of  the  thread  in  your  hand, 
and  carry  it  flowly  round  betwixt  your 
and  the  ftarry  heaven,  until  you 
find  it  cuts  any  two  known  ftars  at 
once.  Then,  gueffing  at  the  hour  of 
the*  night,  turn  the  globe  until  the 
index  points  to  that  time  in  the  hour- 
circle  ; which  done,  lay  the  graduated 
edge  of  the  quadrant  over  any  one  of 
thefe  two  ftars  on  the  globe,  which  the 
thread  cut  in  the  lieaven.  If  the  faid 
.edge  of  the  quadrant  cuts  the  other 
liar  alfo,  you  have  guell'ed  the  time 
exa6lly*;  but  if  it  does  not,  turn  the 
globe  flowly  backwards  or  forwards, 
until  the  quadrant  (kept  upon  either 
flar)  cuts  them  both  through  their 
centers ; and  then,  the  index  wull  point 
out  the  exa6l  time  of  the  night : the 
degree  of  the  horizon,  cut  by  the  qua- 
drant, will  be  the  true  azimuth  of 
both  thefe  dars  from  the  fouth ; 
.and  the  ftars  themfelves  will  cut  their 
true  altitude  in  the  quadrant.  At 
which  moment,  if  a common  azimuth 
compafs  be  fet  upon  a floor  or  level 
pavement,  that  thefe  ftars  in  the 
heaven  may  have  the  famp  bearing 
upon  it  (allowing  for  the  variation 
of  the  needle)  as  the  quadrant  of 

a.ltitude 
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altitude  has  in  the  wooden  horizon  of 
the  globe,  a thread  extended  over  the 
north  and  fouth  points  of  that  compafs 
will  be  directly  in  the  plane  of  the  me- 
ridians and  if  a line  be  drawn  upon  the 
floor  or  pavement,  along  the  courfe  of 
the  thread,  and  an  upright  wire  be 
placed  in  the  fouthmoll  end  of  the  line, 
the  fhadow  of  the  wire  will- fall  upon 
that  line,  when  the  fun  is  on  the  meri- 
dian, and  fhines  upon  the  pavement. 

f 

PROBLEM  IX/  J 

To  find  the  place  of  the  moon,  or  of  any 
’planet^  and  thereby  to  shexv  the  time  of 
its  rising,  southing^  and  setting, 

I 

See  in  Parker's  or  JFeavc?''s  Ephe- 
meris  the  ^ ' geocentric  place  of  the 
moon  or  planet  in  the  ecliptic,  for  the 
given  day  of  the  month ; and  accord- 
ing  to  its  longitude  and  latitude,  as 
fhewn  by  the  Ephemeris,  mark  the 
fame  with  a chalk  upon  the  globe. 
Then,  having  re6lified  the  globe,  turn 
it  round  its  axis  weft  ward,  and  as  the 

m faid 


* The  place  of  the  Moon  or  planet,  as  f«en  from  the  earth, 
is  called  its  geocentric  place. 
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faid  mark  comes  to  the  caftern  iide  of 

• * • 

the  horizon,  to  the  brafen  meridian, 
'and  to  the  weftern  iide  of  the  horizon, 
the  index  will  fliew  at  what  time  the 
planet  rifes,  comes  to  the  meridian,  and 
fetSj  in  the  fame  ipanner  as  it  would  do 
for  ^ fixed  ffar. 

PROBLEM  X. 

To'  explain  the  phoenomena  of  the  harvpt 

moon. 

t 

In  order  to  do  this,  we  muft  premife 
the  following  things.  1.  That  as 
the  fun  goes  only  once  a year  round  the 
ecliptic,  he'can  be  but  once  a year  in 
any  particular  point  of  it  ; and  that 
his  motion  is  almost  a degree  every  24 
hours  at  a mean  rate.  2.  That  as  the 
moon  goes  round  the  ecliptic  once  in 
27  days  and  S'hours,  fhe  advances  134^ 
degrees  in  it,  every  day  at  a mean  rate. 
3.  That  as  the  fun  goes  through  part 
of  the  ecliptic  in  the  time  the  moon 
goes  round  it,  the  moon  cannot  at  any 
time  be  either  in  conjun6lion  with  the 
fun,  or  oppolite  to  him,  - in  that  part 
of  the  ecliptic  wltere  fhe  was  fo  the 
laft  time  before;  but  muft  travel  as 

much 
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much  forwarder,  as  the  fun  has  advanc- 
ed in  the  faid  time;  which  being 
days,  make  almofi:  a whole  iign.  There- 
fore, 4.  The  moon  can  be  but  once  a 
year  oppoiite  to  the  fun,  in  any  particu- 
lar part  of  the  ecliptic.  5*  That  the 
moon  is  never  full  but  wdien  fh.e  is  oppo- 
fite  to  the  fun,  becaufe  at  no  other  time 
can  we  fee  all  that  half  of  her  which 
the  fun  enlightens.  6.  That  when  anV 
point  of  the  ecliptic  riles,  the  oppoiite 
point  lets.  Therefore  when  the  moon 
is  oppblite  to  the  luii,  Ihe  mull  rife  at*^ 
fun  fet.  7.  That  the  different  ligns  of 
the  ecliptic  rife  at  very  different  angles 
or  degrees  of  obliquity  with  the  horizon, 
efpecially  in  conliderable  latitudes  ; 
and  that  the  fmaller  this  angle  is,  the 
greater  is  the  portion  of  the  ecli]3tic 
that  rifes  in  any  fmall  part  of  time  ; 
and  vice  versa.  8,  That,  in  northern 
latitudes,  no  part  of  the  ecliptic  rifes 
at  fo  fmall  an  angle  with  the  horizon, 
as  Pisces  and  Aries  do;  therefore,  a 
greater  portion  of  the  ecliptic  rifes 
in  one  hour,  about  th'eie  Tigns,  than 

m 2 about 

* This  is  not  always  ftrlfily  true,  bccaufe  the  moon  doei 
not  keep  in  tlie  ecliptic,  but  croflTes  it  twice  every  month. 
However  the  difference  need  not  be  regarded  in  a general 
explanation. 


92 


The  Use  of  the  Celestidl  Globe. 

about  any  of  the  reft.  9.  That  the 
moon  can  never  be  full  in  Pisces  and 
Arks  but  in  our  autumnal  months,  for 
at  no  other  time  of  the  year  is  the  fun 
in  the  oppoftte  ligns  of  Virgo  and  Libra. 

Thefe  things  premifed,  take  13  de- 
grees of  the  ecliptic  in  your  compaliesj 
and,  beginning  at  Pisces^  carry  that  cx* 
tent  all  round  the  ecliptic,  marking  the 
places  with  a chalk  where  the  points  of 
the  compalfes  fuccelfively  fall.  So  you 
will  have  the  moon’s  daily  motion 
marked  out  for  one  complete  rei^olution 
in  the  ecliptic  (according  to  § 2 of  the 
laft  paragraph.) 

Re6tify  the  globe  for  any  confiderable 
northern  latitude,  (as  fuppole  that  of 
London)  and  then,  turning  the  globe 
round  its  axis,  obferve  how  much  of 
the  hour-circle  the  index  has  gone 
over  at  the  riling  of  each  particular 
mark  on  the  ecliptic;  and  you  will 
find  that  feven  of  the  marks  (which 
take  in  as  much  of  the  ecliptic  as  the 
moon  goes  through  in  a week)  will 
all  rife  fuccelfively  about  Pisces  and 
Ariesy  in  the  time  that  the  index  goes 
over  two  hours.  Therefore,  whilft  the 
moon  is  in  Pisces  and  Arks,  fhe  will 
not  ditfer  in  general  above  two  hours  in 
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lier  riling  for  a whole  week.  But  if 
you  take  notice  of  the  marks  on  tjie 
oppolite  figns,  Virgo  and  Lihra^  you 
will  find  that  feven  of  them  take  nine 
hours  to  rife;  which  fliews,  that  when 
the  moon  is  in  thefe  two  ligi'ts,  fhe 
differs  nine  hours  in  her  riling  within 
the  compafs  of  a week.  And  lo  much 
later  as  every  mark  is  rihng  than  the 
one  that  role  next  before  it,  fo  much 
later  will  the  moon  be  of  riling  any 
day,  than  Ihe  was  on  the  day  before,  in 
the  correfponding  part  of  the  heaven. 
The  marks  about  Cancer  and  Capricorn 
rile  with  a mean  difference  of  time  be- 
tween thofe  2ihouV Aries  and  Libra. 

Now,  although  the  moon  is  in  Pisces 
and  Aries  every  month,  and  therefore 
mud:  rife  in  thofe  ligns  within  the  fpace 
of  t^wo  hours  later  for  a whole  week, 
or  only  about  1 7 minutes  later  every 
day  than  Ihe  did  on  the  former ; yet 
Urc  is  never  full  in  thefe  ligns,  but 
in  our  autumnal  months  August  and 
September.^  when  the  fun  is  in  J^irgo 
and  Libra,  Therefore,  no  full  moon 
in  the  year  will  continue  to  rife  fo  near 
the  time  of  fun-fet  for  a week  or  fo,  as 
thefe  two  full  moons  do,  which  fall  in 
the  time  of  harveft. 


In 
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In  the  winter  months,  the  moon  is 
in  Pisces  and  Aries  about  her  fir  ft  quar- 
ter; and  as  thefe  iigns  rife  about  noon 
in  winter,  the  moon’s  rifing  in  them 
paffes  unobferved.  In  the  fpring  months, 
the  moon  changes  in  thefe  iigns,  and 
conlcquently  rifes  at  the  fame  time  with 
the  fun;  lb  that  it  is  impollible  to  fee 
her  at  that  time.  In  the  fummer  months 
fhe  is  in  thefe  Iigns  about  her  third 
quarter,  and  rifes  not  until  mid-night, 
when  her  riling  is  but  very  little  taken 
notice  of ; efpecially  as  fhe  is  on  the 
decreafe.  But  in  the  harveft  months 
fhe  is  at  the  full  when  in  thefe  Iigns, 
and,  being  oppefite  to  the  fun,  fhe  rifes' 
when  the  fun  fets  (or  foon  after)  and 
fhincs  all  the  night. 

In  fouthern  latitudes,  Virgo  and  Li^ 
bra  rile  at  as  fmall  angles  with  the  ho- 
ld zori'  as  Pisces  and  Aries  do  in  the  nor- 
thern ; and  as  our  fpring  is  at  the  time 
of  their  harveft.  it  is  plain  their  harveft 
full  moons  muft  be  hi  Virgo  and  Libra; 
and  will  therefore  rife  with  as  little 
difference  of  time  as  ours  do  in  Pisces 
?,nd  Aries. 

For  a fuller  account  of  this  matter,  I 
muft  refer  the  reader  to  my  Aftronomy, 
in  which  ibis  deferibed  at  large. 

PROBLEM 
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PROBLEM  XL 

Fo  explain  the  equation  of  time,  or  diffe^ 
rence  of  thne  betivecn  well  regulated 
clocks  and  true  sun-dials* 

The  earth’s  motion  on  its  axis  being 
perfe^lly  equable,  and  thereby  cauling 
an  apparent  equable  motion  of  the 
ftarry  heaven  round  the  fame  axis, 
produced  to  the  poles  of  the  heaven; 
it  is  plain  that  equal  portions  of  the 
celcBial  equator  pafs  over  the  meridian 
in  equal  parts  of  time,  becaufe  the  axis 
of  the  world  is  perpendicular  to  the 
plane  of  the  equator.  And  therefore, 
if  the  fun  kept  his  annual  courfe  in  the 
celellial  equator,  he  would  always 
rer^olve  from  the  meridian  to  the 
meridian  again  in  24  hours  exaftly, 
as  fhewn  by  a well-regulated  clock. 

But  as  the  fun  moves  in  the  ecliptic, 
which  is  oblique  both  to  the  plane  of 
the  equator  and  axis  of  the  world,  he 
cannot  always  revolve  from  the  merid- 
ian to^  the  meridian  again  in  24. equal 
hours ; but  fomelimcs  a little  Iboner, 
and  at  other  times  a little  later,  be- 

caufc 
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caufe  equal  portions  of  the  ecliptic  pals 
o\^er  the  meridian  in  unequal  parts  of 
time,  on  account  of  its  obliquity. 
And  this  difference  is  the  fame  in  all 
latitudes. 

To  fhew  this  by  a globe,  make  i 
chalk-marks  all  round  the  equator  and 
ecliptic,  at  equal  diflances  from  one 
another  (fuppofe  10  degrees)  beginning 
at  Ai'ies  or  at  Libra^  wliere  thefe  two 
circles  interfedt  each  other.  Then 
turn  the  globe  round  its  axis,  and  you 
will  fee  that  all  the  marks  in  the  firff 
quadrant  of  the  ecliptic,  or  from  tbe 
beginning  of  Aries  to  the  beginning  of 
Cance?\  come  fooner  to  the  bralen  me- 
ridian than  their  correfponding  marks 
do  on  the  equator : thofe  in  the 

fecond  quadrant,  or  from  the  begin- 
ning of  Cancer  to  the  beginning  of 
Libra,  come  later:  thofe  in  the  third 
quadrant,  from  Libra  to  Capricorn, 
fooner;  and  thofe  in  the  fourth,  from 
Capricorn  to  Aries,  later.  But  thofe 
at  the  beginning  of  each  quadrant 
come  to  the  meridian  at  the  fame  time 
with  their  correfponding  marks  on  the 
equator. 

Therefore,  whilft  the  fun  is  in  the 

fiiff  and  third  quadrants  of  the  eclip- 
tic. 
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tic,  he  comes  fooner  to  the  meridian 
every  day  than  he  would  do  if  he  kept 
in  the  equator;  and  confequently  he  is 
fafter  than  a well-regulated  clock, 
which  always  keeps  equable  or  equa- 
torial time  * and  whilil  he  is  in  the 
fecond  and  fourth  quadrants,  he  comes 
later  to  the  meridian  every  day  than 
he  would  do  if  he  kept  in  the  equator; 
and  is  therefore  flower  than  the  clock. 

But  at  the  beginning  of  eack  quadrant, 
the  fun  and  clock  are  equal. 

And  thus,  if  the  fun  moved  equally 
in  the  ecliptic,  he  would  be  equal  with 
the  clock  on  four  days  of  the  year, 
which  would  have  equal  intervals  of 
time  between  them.  But  as  he  moves 
fafter  at  feme  times  than  at  others  (be- 
ing  eight  days  longer  in  the  northern 
half  of  the  ecliptic  than  in  the  fouth- 
ern)  this  will  caufeafecond  inequality; 
which,  combined  with  the  former,  ari- 
ling  from  the  oblicjuity  of  the  ecliptic 
to  the  equator,  makes  up  that  difference, 
which  isfhewnby  the  common  equation 
tables  to  be  between  good  clocks  and 
true  fun- dials. 
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THE 

DESCRIPTION  AND  USE 

OF  THE 

ARMILLARY  SPHERE. 


HOEVER  has  fecn  a common 
• armillnry  sphere^  and  underftands  how 
to  ufe  it,  muft  be  fenfible  that  the 
machine  here  referred  to  is  of  a very 
different,  and  much  more  advantageous 
conftru6fion.  And  whoever  has  feen 
the  curious  glafs  fphere  invented  by 
Dr  Long,  or  the  figure  of  it  in  his 
Aftronomy,  muff  know  that  the  fur- 
niture of  the  terreftrial  globe  in  this 
machine,  the  form  of  the  pedeftal,  and 
the  manner  of  turning  either  the  earth- 
ly globe,  or  the  circles  which  fur- 
round  it,  are  all  copied  from  the  Doc- 
tor’s glafs  fphere;  and  that  the  only 
difference  is,  a parcel  of  rings  inftead 
of  a glafs  celeftial  globe ; and  all  the 
additions  are,  a moon  within  the  fphere, 
and  a femicircle  upon  the  pedeftal. 

n 2 The 
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' The  exterior  parts  of  this  machine 
are  a compages  of  brafs  rings,  which 
reprefent  the  principal  circles  of  the 
heaven,  viz.  1.  The  equino6lial  A Aj 
wTich  is  divided  into  360  degrees  (be- 
ginning at  its  interfe6lion  with  the 
ecliptic  in  Aries\  for  fliewing  the 
fun’s  right  afcenlion  in  degrees;  and 
alfo  in  hours,  for  fhewing  his 
right  afcenlion  in  time.  2.  The  eclip- 
tic B B,  which  is  divided  into'  T2 
ligns,  and  each  lign  into  30  degrees, 
and  alfo  into  the  months  and  days  of 
the  year;  in  fiich  a manner,  that  the 
degree  or  point  of  the  ecliptic  in 
which  the  fun  is,  on  any  given  day, 
flands  over  that  day  in  the  circle  of 
months.  3.  The  tropic  of  Cancer  C C, 
touching  the  ecliptic  at  the  beginning' 
of  Cancer  in  and  the  tropic  of  Capri^ 
corn  D D,  touching  the  ecliptic  at  the 
beginning  of  Capricorn ‘m  f ; each 
degrees  from  the  equino61ial  circle.  4. 
The  arti6l  circle  E.  and  the  antarctic 
circle  F,  each  degrees  from  its 
, ref}3e6Hve  pole  at  N and  ,S\  5.  The 

equinc.ftial  colure  G <7,  pafiing  through 
the  north  and  fbuth  poles  of  the  hea- 
ven at  'N  and  .S,  and  through  the 
eq^uinoctial  points  Aries  and.  Libra,  in 

the 
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the  ecliptic*  6.  The  folftitialcolure // 
//,  paffing  through  the  poles  of  the  liea- 
ven,  and  through  the  foH\i*tial  points 
Cancer  and  Capricorn^  in  the  ecliptic. 
Each  quarter  of  the  former  of  thefe  co- 
lures is  divided  into  90  degrees,  from 
the  cquino61ial  to  the  poles  of  the 
\yorld,  for  fhewing  the  declination  of 
the  fun,  moon  and  flars:  and  each 
quarter  of  the  latter,  from  the  ecliptic 
at  e and  /,  to  its  poles  h and  for 
fhewing  the  latitudes  of  the  flars. 

In  the  north  pole  of  the  ecliptic  is 
a nut  A,  to  which  is  fixed  one  end  of 
a quadraiital  wire,  and  to  the  other 
end  a fmall  fun  E,  which  is  carried 
round  the  ecliptic  B Bj  by  turning  the 
nut : and  in  the  fouth  pole  ofithe  eclip- 
tic is  a pin  at  dy  on  which  is  another 
quadrantal  wire,  with  a fmall  moon, 
Z upon  it,  which  may  be  moved  round 
by  hand  : but  there  is  a particular  con- 
trivance for  canting  the  moon  to  move 
in  an  orbit  which  crotfes  the  ecliptic 
af  an  angle  of  5^  degrees,  in  two  oppo- 
lite  points  called  the  moon's  nodes  ; and 
alfo  for  fhifting  thefe  points  backward 
in  the  ecliptic,  as  the  moon's  nodes  fhift 
in  the  heaven. 


Within 
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'Within  thefe  circular  rings  is  a fmall 
terredrial  globe  /,  fixed  on  an  axis  K 
/i,  which  extends  from  the  north  and 
fouth  poles  of  the  globe  at  n and  s,  to 
thofe  of  the  celeftial  fphere  at  N and 
S,  On  this  axis  is  fixed  the  fiat  celefiial 
meridian  L L-,  which  may  be  let  di- 
rectly over  the  meridian  of  any  place 
on  the  globe,  and  then  turned  round 
with  the  globe,  fb  as  to  keep  over 
the  same  meridian  upon  it:  This  flat 

meridian  is  graduated  the  fame  way  as 
the  brafs  meridian  of  a common  globe, 
and  its  ufe  is  much  the  fame.  To  this 
globe  is  fitted  the  moveable  horizon 
M Mt  fo  as  to  turn  upon  two  ftrong 
wires  proceeding  from  its  eaft  and  weft 
points  to  the  globe,  and  entering  the 
globe  at  oppofite  points  of  its  equator, 
which  is  a moveable  bra/s  ring  let  into 
the  globe  in’ a groove  all  around  its 
equator.  The  globe  may  be  turned  by 
hand  within  this  ring,  fb  as  to  place 
any  given  meridian  upon  it,  direCUy 
under  the  celeftial  meridian  L L-  The 
horizon  is  divided  into  2^60  degrees 
all  round  its  outermoft  edge,  within 
which  are  the  points  of  the  compafs, 
for  file  wing  the  amplitude  of  the  fun 
and  moon,  both  in  degrees  and  points. 

The 
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The  celeftial  meridian  L paffc^ 
through  two  notches  in  the  north  and 
fouth  points  of  the  horizon,  as  in  a 
common  globe : but  here,  if  the  globe 
be  turned  round,  the  horizon  and  me- 
ridian turn  with  it.  At  tlie  Ibulh 
pole  of  the  fphere  is  a circle  of  21- 
hours,  fixt  to  the  rings,  and  on  the 
axis  is  an  index  which  goes  round  that 
circle,  if  the  globe  be  turned  round  its 
axis. 

The  whole  fabric  is  fupported  on  a 
pedeftal  AT,  and  may  be  elevated  or 
deprelTed  upon  the  joint  O,  to  any 
number  of  degrees  from  0 to  90,  by  . 
means  of  the  arc  P,  which  is  fixed 
into  a ftrong  brafs  arm  £ and  Aides 
in  the  upright  piece  R,  in  which  is 
a ferew  at  r,  to  fix  it  at  any  proper  ele- 
vation. 

In  the  box  Tare  two  wheels  (as  in 
Dr.  Long's  fphere)  and  two  pinions, 
whofe  axis  come  out  at  Fand  U;  either 
of  which  may  be  turned  by  the  final  I 
winch  W.  When  the  winch  is  put  up- 
on the  axis  F,  and  turned  backward, 
the  terreftrial  globe,  with  its  horizon 
and  celeftial  meridian,  keep  at  reft; 
and  the  whole  fphere  of  circles  turns 
round  from  eaft,  by  fouth,  to  weft, 

carrying 
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carrying  the  fun  F,  and  moon 
round  the  fame  way,  and  canting  them 
to  rife  above  and  fet  below  the  horizon. 
But  when  the  winch  is  put  upon  the 
axis  Uy  and  turned  forward,  the  fphere 
with  the  fun  and  moon  kept  at  reft; 
and  the  earth,  with  its  horizon  and 
meridian,  turn  round  from  weft,  by 
fouth,  to  eaft ; and  bring  the  lame  points 
of  the  horizon  to  the  fun  and  moon, 
to  which  thefe  bodies  came  when  the 
earth  kept  at  reft,  and  they  were  car- 
ried round  it;  fhewing  that  they  rife- 
and  fet  in  the  fame  points  of  the  ho- 
rizon, and  at  the  fame  times  in  the 
hour-circles,  whether  the  motion  be  in 
the  earth  or  in  the  heaven.  If  the 
earthly  globe  be  turned,  the  hour-index 
goes  round  its  hour-circle  ; but  if  the 
Iphere  be  turned,  the  hour-circle  goes 
round  below  the  index. 

And  fo,  by  this  conftru6lion,  the  ma- 
chine is  equally  fitted  to  fhew  either 
the  real  motion  of  the  earth,  or  the  ap- 
parent motion  of  the  heaven. 

To  re6tify  the  fphere  for  ufe,  firft 
flacken  the  ftrew  r in  the  upright  ftem 
R,  and  taking  hold  of  the  arm  £,  move 
it  up  or  down  until  the  given  degree  of 
latitude  for  any  place  be  at  the  fide 
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of  the  ftem  R ; and  then  the  axis  of 
the  fphere  will  be  properly  elevated, 
fo  as  to  ftand  parallel  to  the  axis  of 
the  world,  if  the  machine  be  fet  north 
and  fouth  by  a fmall  compafs : this 
done,  count  tlie  latitude  from  the  north 
pole,  upon  the  celellian  meridian  L L, 
down  towards  -the  north  notch  of  the 
. horizon,  and  fet  the  horizon  to  tlut 
latitude;  then,  turn  the  nut  h un- 
til the  fun  Y comes  to  the  given  day 
of  the  year  in  the  ecliptic,  and  the  fun 
will  be  at  its  proper  place  for  that  day : 
find  the  place  of  the  moon's  afeend- 
ing  node,  and  alfb  the  place  of  the 
moon,  by  an  Ephemeris,  and  fet  them 
right  accordingly : laflly,  turn  the 

winch  ir,  until  either  the  fun  comes 
to  the  meridian  L Z,  or  until  the  me- 
ridian comes  to  the  fun  (according  as 
you  want  the  fphere  or  earth  to  move) 
and  fet  the  hour-index  to  the  XII, 
marked  noon,  and  the  whole  machine 
will  be  reftified. — Then  turn  the  winch, 
and  obferve  when  the  fun  or  moon 
rife  and  fet  in  the  horizon,  and  the 
hour-index  will  fhew  the  times  there- 
of for  the  given  day. 
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As  thofe  who  underftand  the  ufe  of 
the  globes  will  be  at  no  lofs  to  work 
^many  other  problems  by  this  fphere, 
it  is  n^edlefs  to  enlarge  any  farther 
upon  it. 


THE  END, 

r 


A LIST  of  the  APPARATUS  on  tvhich  Mi\ 
Ferguson  reads  his  Course  of  Twelve  Lectures 
on  Machines,  Hydrostatics,  Hydraulics,  PneU‘ 
matics.  Electricity,  Dialing,  and  Astronomy^ 

(The  numbers  relate  to  the  lectures  read  on  the  Machinery, 
to  which  they  arc  prefixed.) 


- I, 

4 

SiMI’LE  machines  for  demonstrating  the 
power  of  the  Lever,  the  Wheel  and  Axle,  the 
Inclined  Plane,  the  Pullies,  the  Wedge,  and  the 
Screw. 

A compound  Engine,  in  which  all  these 
powers  work  together. 

A working  model  of  the  great  Crane  at  Bi'istol, 
which  is  reckoned  to  be  the  best  Crane  in  Europe, 

A Working  model  of  a Crane  that  has  four  dif- 
ferent powers,  to  be  adapted  to  the  different 
weight  intended  to  be  raised  : invented  by  Mr. 
Ferguson. 

A Pyrometer  that  makes  the  expansion  of  me- 
tals by  heat  visible  to  the  ninety  thousandth  part 
of  an  inch. 

II. 

Simple  machines  for  shewing  the  center  of  gra- 
vity of  bodies,  and  how  much  a tower  may  in- 
cline without  danger  of  falling.  • 
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A double  Cone  that  seemingly  rolls  up-hill  of 
itself,  whilst  it  is  actually  descending. 

A machine  made  in  the  figure  of  a man,  that 
tumbles  backward  by  continually  oversetting  the 
center  of  gravity. 

Models  of  wheel-carriages;  some  with  broad 
w heels,  others  with  narrow ; some  with  large 
wheels,  others  with  small : for  proving  experi- 
mentally wdiich  sort  is  the  best. 

A machine  for  shewing  w'hat  degree  of  power 
is  sufficient  to  draw  a loaded  cart  or  w’aggon  up 
hill ; when  the  (quantity  of  weight  to  be  draw  n up 
and  the  angle  of  the  hill’s  height  are  known. 

A model  of  a most  curious  Silk-reel,  invented 
by  Mr.  Verrier  near  Wrington  in  Somersetsliire. 

A large  w'orkrng  model  of  a w ater-mill  for  saw- 
ing timber. 

A model  of  a hand-mill  for  grinding  corn. 

A model  of  a vvater-mill  for  winnoning  and 
grinding  corn,  drawing  up  the  sacks,  and  boult- 
ing  the  flour. 

A machine  for  demonstrating  that  the  powder 
of  the  wind  on  wind-mill  sails  is  as  the  square 
of  the  velocity  of  the  wdnd. 

A working  model  of  the  Engine  by  which  th«) 
piles  were  driven  for  a foundation  to  the  piers 
of  Westminster  Bridge.  ,• 

iir. 

A machine  for  shewing  that  fluids  w^eigh  as 
much  in  their  own  Elements  as  they  do  in  Air. 

A machine  for  shewing  that,  on  equal  bottoms, 
the  pressure  of  fluids  is  in  proportion  to  their 

perpendicular 
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perpendicular  heights,  be  their  quantities  ever 
so  great  or  ever  so  small. 

A machine  tor  shewing  that  fluids  press  equally 
in  all  manner  of  directions. 

A machine  for  shewing  how  an  ounce  of  water 
in  a tube  may  be  made  to  raise  sixteen  pounds 
weight  of  lead. 

A machine  for  shewing,  that,  at  equal  heights, 
the  smallest  quantity  of  water  will  balance  the 
greatest  quantity  whatever,  if  the  columns  join 
at  bottom. 

A machine  for  shewing  how  solid  lead  may  be 
made  to  swim  in  water,  and  the  lighest  wood  to 
sink  therein. 

Machines  for  demonstrating  the  Hj'drostatical 
Paradox. 

A machine  for  demonstrating  that  'the  quantity 
of  water  displaced  by  a ship  is  equal  to  the  whole 
weight  of  the  ship  and  cargo. 

Machines  for  shewing  the  working  of  Syphons, 
and  the  I'antalus’  cup. 

A large  machine  for  shewing  the  cause  and 
phenomena  of  ebbing  and  flowing  wells,  and  of 
intermitting  and  reciprocating  springs. 

* IV. 

Machines  for  shewing  that  when  solid  bodies 
are  immersed  and  suspended  in  fluids,  tl'.e  solid 
loses  as  much  of  its  weight  as  its  bulk  of  the  fluid 
weighs;  and  that  the  weight  lost  by  the  solid 
imparted- to  the  fluid. 

A hydrostatic  balance  for  shewing  the  specific 
gravities  of  bodies,  and  detecting  counterfeit 
gold  or  silver. 

A working 
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A working  model  of  Arclilincdes’s  spiral  pump. 

Glass  models  for  shewing  the  structure  and 
operations  ol  sucking,  forcing,  and  lifting  pumps. 

A working  model-  of  a quadruple  pump-mill, 
for  raising  water  hy  means  of  water  turning  a 
wheel.  j 

A working  model  of  the  Persian  wdieel  for 
raising  water ; and  one  of  Mr.  Blakey’s  Fire 
Engines. 

A working  model  of  the  engfne  by  wliich  wa- 
ter is  raised  from  the  Hungarian  mines. 

A large  model  of  the  great  engine  at  London 
Brid^re  that  goes  by  the  Tides,  and  raises  water 
by  forcing  pumps. 


V,  and  VI. 

t 

An  Air-pump  with  a great  apparatus  belonging 
to  it,  for  experiments  shewing  the  weight  and 
spring  of  the  air. 

A wind-gun. 

VII. 

% 

y 

An  Electrical  machine  with  a large  apparatus 
for  shewing  many  experiments  in  Electricity. 

A simple  machine,  by  which  all  the  principles 
of  dialing  are  evident  to  sight. 

Several  kinds  of  sun  dials. 

A model  of  an  astronomical  Clock,  shewing 
the  apparent  motions  and  times  of  rising  and 
setting  of  the  Sun,  Moon  and  Stars;  with  the 
ages  and  phases  of  the  Moon  at  all  times. 

Another  model  of  a Clock  for  shewing  the  ap- 
parent motions  ot  the  Sun  and  Stars,  with  the 

times 
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times  of  tlieir  rising  and  setting,  and  the  Eqra. 
tioii  of  time. 

VII L 

f 

A centripetal  and  centrifugal  machine  for  ex- 
plaining and  demonstrating  the  laws  by  which  the 
planets  move  and  are  retained  in  their  orbits; 
proving  the  diurnal  and  annual  motions  of  the 
Earth;  and  shewing  why  the  tides  rise  equally 
high  at  the  same  time  on  opposite  sides  of  tlie 
Earth. 

IX,  X,  XI,  XII. 

A machine  for  shewing  the  motions  of  the 
comets. 

'An  Orrery  shewing  the  real  motions  of  the 
planets  round  the  Sun,  and  round  their  axis:  the 
apparent  stations,  direct  and  retrogade  motions, 
of  Mercury  and  Venus,  as  seen  from  the  Earth  : 
the  different  lengths  of  days  and  nights,  and  all 
the  vicissitudes  of  seasons:  the  motions  and  va* 
rioiis  phases  of  the  moon : the  harvest  Moon : 
the  tides:  the  causes,  times,  and  returns  of  all 
the  Eclipses  of  the  Sun  and  Mooh:  the  Eclipses 
of  Jupiter’s  satellites,  and  the  phenomena  of 
Saturn’s  ring.  v 

In  London,  any  number  of  persons,  not  less 
than  twenty-five,  who  will  subscribe  one  guinea 
each,  mav  have  a course  of  twelve  lectures  read 
on  the  above  mentioned  machinery,  provido<i 
they  agree  to  have  at  least  three  lectures  a week  ; 
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in  wliioh,  they  may  appoint  the  days  and  hours 
that  are  most  convenient  for  themselves. 

Within  ten  miles  of  London,  any  number  not 
less  than  thirty  may  have  a course  j each  sub- 
scriber paying  one  guinea.  And, 

Within  a hundred  aniles  of  London,  anv  num- 
Ler  of  subi;cribers,  not  less  than  sixty,  mav  have 
a course ; each  paying  as  above. 

Any  Avhere  out  of  London,  the  subscribers  are 
to  attend  the  lectures  every  day  of  the  week  ex- 
cept Sunday. 
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